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ABSTRACT 

The  pentose  nueleie  aeid,  desoxx  riliose  nueleie  aeitl  ratio  for  normal  rat  ven¬ 
tral  prostate  tissue  of  apinfiximately  2.4  is  loweretl  to  0.9  or  less  following 
eastration  or  stilht'strol  administration,  while  testosterone  replaeement  returns 
the  ratio  to  the  “normal”  valiu*.  of  jirostates  from  6-15  weeks  eastrates  is 
about  5  that  of  the  “normal”  value  and  the  RQ  falls  from  0.9  to  0.4.  'I'esto- 
sterone  treatment  re-estahlishes  the  “normal”  Qo,^  and  Rt^  values.  Zymohexase 
eoncentration  of  eastrate  tissue  is  lowered  to  5-10%  that  of  “normal,”  while 
the  a-glyeerophosi)hate  dehydrogenase  eoncentration  doubles.  The  concentra¬ 
tions  of  both  enzymes  in  luo.strates  of  20-day-old  immature  rats  are  similar  to 
those  of  normal  adults  rather  than  of  castrates.  By  injecting  increasing  amounts 
of  testosterone  in  4-week  castrate  mature  rats  and  measuring  the  zymohexase 
activity  of  the  prostate  tissue  after  72  hours  treatment,  a  definite  threshold  is 
demonstrated  below  which  the  activity  is  at  the  castrate  level  and  above  which 
there  is  a  20-fold  increase  in  zymohexase  activity.  The  acid  j)hosj)hatase  activity 
of  the  jn'ostate  tissue  jM'r  gram  wet  weight  falls  in  the  range  of  8-10  King- 
•Vrmstrong  units  and  is  not  affected  by  age  of  rat,  castration  or  by  testosterone 
or  .stilb(*strol  administration. 

The  ventral  prostate  of  the  rat  is  a  glandular  organ  whose  structure  and 
functional  capacity  depend  upon  androgenic  steroids.  Its  response  to 
withdrawal  of  the.se  hormones  is  a  profound  decrease  in  size  and  weight, 
ami  a  change  in  consistency  from  a  full,  soft  gland  to  a  .shrunken,  fibrous 
one.  Reversal  of  the.se  changes  is  effected  by  androgen  replacement.  The 
histologic  patterns  of  the  normal  and  castrate  glands  were  de.scribed  by 
Moore,  Price  and  Gallagher  (1)  who  used  the  ventral  prostate  as  a  sensitive 
hio-indicator  of  androgenic  activity. 

.Uthough  the  rat  ventral  prostate  is  an  easily  available,  structurally  dis- 
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tiiict  oiftan  coniposed  primarily  of  a  tall  columnar  cpil helium  whose  ee' s 
are  responsive  to  androgenic  stimulation  and  thus  eminently  suitable  f  .r 
both  metabolic  and  enzymatic  i/i  n'tro  investigations,  it  has  not  been  ex¬ 
tensively  studied.  Bern  (2)  determined  the  respiration  of  this  glandul  r 
tissue  in  calcium  free-Ringer  phosphate  solution,  with  and  without  ad(  i- 
tion  of  glucose  or  fructose,  and  noted  that  testosterone,  except  in  a  hi^  li 
concentration  of  oO  jug.  ml.  was  without  effect  on  the  Qo,  values.  Alkali i;e 
phosphatase  secretion  by  the  normal  ventral  prostate  (3)  is  greatly  reduct  d 
after  castration  (4)  but  sustained  by  androgen  replacement.  The  cyto¬ 
chrome  oxidase,  succinic  dehydrogenase  (5)  and  transaminase  activities  (ti) 
of  the  prostatic  tissue  decrease  following  castration. 

The  purpose  of  this  study  is  to  add  to  our  understanding  of  the  cellular 
metabolism  of  the  rat  ventral  prostate  by  establishing  further  metabolic 
and  enzymatic  indices  of  normal,  ca.strate,  and  hormone-sul)stituted  pio 
static  tissue. 


PRELIMINARY  EXPERIMENTS 

.Vs  preliminaries  to  the  metabolic  and  enzymatic  investigations,  we  made 
histological  sections  and  nucleic  acid  analyses  of  representative  ventral 
glands  from  normal,  castrate,  and  androgen-treated  castrated  rats.  For 
these  and  the  following  studies  3  months  old  rats  weighing  approximately 
300  grams  were  employed.  The  average  wet  weight  of  the  “normal”  gland 
was  28.0  mg.  Five  days  after  castration  the  average  weight  decreased  to  SO 
mg.;  after  a  month,  the  value  had  fallen  to  l.o  mg.  One  week  of  testosterone 
injections  in  such  a  castrate  rat  lirought  the  weight  of  the  gland  back  to 
173  mg. — approximately  a  ten-fold  increase. 

lli.stologic  sections  of  the  normal  adult  ventral  prostate,  formed  of  large 
cells  with  abundant  cytoplasm,  showed  acini  filled  with  a  protein-contain¬ 
ing  secretion.  In  contrast,  sections  of  prostatic  tissues  from  castrates  or 
stilbestrol-treated  rats,  formed  of  small  cells  with  scant  cytoplasm,  did  not 
have  secretion  in  the  acini.  For  this  reason  the  concentration  of  pentose 
nucleic  acid  per  dry  weight  of  tissue,  as  well  as  the  ratio  of  pentose  niudidc 
acid  (PXA  primarily  of  the  cytoplasm)  to  desoxypentose  nucleic  acid 
(  DN.V  of  the  nucleus),  should  be  useful  (7)  as  indices  of  the  effect  of  castra¬ 
tion  or  administration  of  androgen  antagonists  on  the  gland’s  secretory 
activity.  Table  1  summarizes  typical  weight  and  nucleic  acid  data  ('h- 
tained  from  normal  and  treated  adult  rats. 

The  apparent  increa.se  in  DNA  per  unit  weight  of  gland  with  castration 
or  stilbestrol  administration  reflects  the  relative  decrease  of  the  cyto¬ 
plasmic  elements.  The  inverse  response  of  the  PNA  concentration  of 
the  tissue  supports  the  same  conclusion.  Thus,  the  PNA  DNA  ratio  lor 
normal  ventral  prostatic  tissue  of  approximately  2.4  is  rapidly  reduc'  d 
upon  castration  or  stilbestrol  administration,  while  testosterone  rephuc- 
ment  in  a  castrate  returns  the  ratio  to  the  “normal”  value.  Histologically, 
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NORMAL  AND  TREATED  ADI'LT  RATS 


iKii'ii-.Mendel  str.iiii  rats  3  to  1 
months  old 

'J'ype 

Body 

w<‘igiit 

(gm.) 

Prostate 

wet 

weight. 

(mg.) 

1  )ry 
weight 
% 

DNA  PNA 

(Aig-  per  mg. 
dry  weight) 

PNA* 

DNA 

'  Normal 

311 

(300  -32,5) 

285 

(235-38t>) 

10.0 

20.2 

48.5 

2.41 

Castrate,  1  week 

288 

(2().5-30.5) 

80 

(04-  00) 

18.4 

30.0 

28.4 

0.77 

Castrate,  3  months 

304 

(287-3.50) 

14 

(12-  10) 

20.2 

47.8 

21  .8 

0 . 45 

Castrate,  testosterone-treat- 
(‘d  1  week 

201 

(2()4-32()) 

173 

(1.54-103) 

1 0 . 0 

15.5 

42.0 

2.75 

Normal,  stilbestrol-treated  1 
week 

2.53 

(250  -255) 

143 

(120  182) 

10.0 

30.0 

32.0 

0.88 

NMcloic  acids  were  extracted  from  tlie  cells  according  to  Schtieider’s  procedure  (8). 
I’e  itose  nucleic  acid  (PNA)  was  determined  colorimetrically  through  use  of  von  Euler’s 
l)liloroglucinol  reaction  (9)  and  desoxypentos(‘  nucleic  acid  ( 1  )N A)  l)y  Dische’s  diphenyl- 
aiiiine  procedure  (10).  Where  range  of  values  is  not  given,  the  single  value  rej)resents  an 
an.dysis  of  pooled  tissue. 


tju're  is  no  apparent  difference  between  castration  and  stilbestrol  effects 
on  the  ventral  prostate  of  tlie  rat.  Tlie  castrate  gland  which  has  been  stim¬ 
ulated  with  testosterone  can  not  be  distinguished  from  normal  gland.  The 
same  situation  obtains  with  the  nucleic  acid  analyses  of  these  tis.sues. 

MET.XBOLIC  STUDIES 

In  order  to  determine  the  value  of  the  several  metabolic  quotients  (Qo.., 
Q(\)  Qhttir.->  KQ)  of  the  rat  ventral  prostate  of  normal,  castrated,  and 
hormonally  stimu’ated  animals  for  comparison  with  the  associated  histo¬ 
logical  and  growth  changes,  we  employed  the  usual  appropriate  Warburg 
manometric  procedures  (11).  The  investigations  extended  not  only  to  the 
ill  rivo  effects  of  the  admini.strated  hormonal  agents  but  also  to  their  in 
vilro  action  on  excised  prostatic  tissue.  Since  the  respiratory  and  glycolytic 
metabolism  of  the  prostate  gland  reflects  the  activity  and  concentration  of 
its  constitutive  enzymes,  we  chose  for  particular  study  zymohexase  (aldo¬ 
lase)  and  a-glycerophosphate  dehydrogenase  as  indicators  of  the  glandular 
rcspon.se  to  castration  and  hormonal  treatment.  Acid  phosphatase  levels 
were  also  determined. 

\lethod8:  Following  ivinoval  of  the  v(‘ntral  prostate  from  the  rat,  killed  by  cervical 
fracture,  the  gland  was  put  on  a  piece  of  filter  papt'r  moistened  with  saline  and  icc- 
chiiled  until  sufficient  glandular  material  had  accumulated  for  slicing.  Usually  no  long(‘r 
than  a  half-hour  intervened  between  the  times  of  excising  the  first  gland  and  slicing  it. 
Til  '  glamls  were  cut  with  a  iStadie-Riggs  sheer'  to  give  tissue  pieces  of  approximately 
0..')  mm.  thick.  The  slices  were  rin.sed  in  physiological  saline  at  C’  and  removed  to 

pitM-es  of  filter  i)aper  (Whatman  #.50)  for  gross  drying.  They  were  then  rolled  on  addi- 
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tional  filter  paper  and  weighed  on  a  torsion  balanee.  Sueh  rinsing  of  the  tissue  was  i  >- 
sirable  to  remove  adh(‘ring  eut  eellular  suhstanees  from  the  slices  and  assure  greater  u  i- 
formity  in  resi)irahle  material.  An  exami)le  of  the  data  obtained  from  determinati(  is 
of  slice's  of  vc'iitral  jirostates  from  different  batclu's  of  normal  rats  is  given  in  'Fabh  2. 
In  addition  to  establishing  the  fact  that  0.2%  glucose  in  Krebs-Ringer  i)hos|)h:'tc 
(K-R.p.)  buffer  solution  increases  the  (^o.^  value  by  10-25%,  these  data  give  evidence  of 
reasonably  satisfactory  duplication  of  results  with  the  prostatic  tissue  prepared  in  tiic 
manner  described. 

Rrsitlts:  A  summary  of  Qo,  and  RQ  values,  determined  for  ventral  pros¬ 
tates  removed  from  normal  and  castrated  rats,  is  {riven  in  Table  3.  Data  il¬ 
lustrating  the  in  vitro  effect  of  testosterone  on  the  Qoj  and  RQ  of  .slices  of 
both  types  of  prostatic  tissue  are  presented.  The  in  r/Vo  effect  of  testoster¬ 
one  administration  to  six-week  castrates  on  the  Qo.^  and  RQ  of  the  ventral 
prostate  is  also  shown.  Evaluation  of  these  results  leads  to  the  following 
significant  conclusions,  (a)  The  respiration,  in  buffer  or  serum,  of  prostalic 
tissues  from  rats  castrated  for  6-10  weeks  was  reduced  to  an  average  of 
24%  of  the  normal  value.  The  more  extended  the  period  of  castration,  the 
greater  was  the  drop  in  Qo,  values.  These  results  agree,  at  least  qualita¬ 
tively,  with  previous  observations  (12,  13)  on  the  decrease  of  the  Q,,..  of 
surviving  rat  prostatic  tissue  following  castration,  (b)  The  RQ’s  of  0  to  Ki 
week  castrate  ventral  prostatic  tissues,  determined  in  serum,  were  severely 
reduced  from  the  normal  value  of  0.9  to  an  average  of  0.4.  (c)  The  in  vitro 
effect  of  te.stosterone  on  the  respiration  of  prostatic  tissue  from  normal  rats 
was  that  of  inhibition  to  the  extent  of  20-30%  when  the  suspending  me¬ 
dium  employed  was  phosphate  buffer  [cf.  (2)]  but,  in  serum,  testosterone 
was  without  effect.  On  prostatic  ti.ssues  from  castrates,  testo.sterone  in  sera 
occasioned,  on  the  average,  a  60%  drop  in  the  already  low  Qo.^  values,  (d) 
Te.sto.sterone  added  in  vitro  to  either  normal  or  castrate  tissue  failed  to 
shift  appreciably  its  RQ.  (e)  The  Qo,  of  the  pro.static  tissue  from  testo¬ 
sterone-treated  six-week  castrates  returned  to  the  normal  values  in  accord 
with  previous  findings  (12).  In  addition,  the  RQ  ro.se  from  its  low  pre-trc'at- 
ment  value  to  that  of  normal  ventral  prostate,  (f)  Sera  from  castrated  ani¬ 
mals  had  no  inhibitory  effect  on  the  Qo,of  slices  of  normal  or  castrate  pros¬ 
tatic  ti.s.sue. 

Determinations  of  the  anaerobic  glycolytic  activity  of  the  normal  ve  n- 


T.XBLE  2.  (^Oj  DETERMINATIONS  OK  NORMAI,  RAT  PRO.STATIC  TISSI  E  IN  KrEBS-RiNGEP 
PHOSPHATE  Bl  KFER  WITH  AND  WITHOI  T  0.2%  Cil.I  COSE,  pH  7.4 


Kxpt.  No.  1  No.  of  rats 

With  no  addition 

'  With  0.2%  glucose  add 

1  (> 

10.7 

la.t) 

2  12 

0.4 

11.5 

a  8 

10.1 

11.2 

Q(i,  fir.st-ho'ir  vahu's  liascd  on  the  mm.’  con.siimpd/mg.  dry  wt.  of  tissiio/hr.  calcul  it 'd 
on  the  dry  weight  of  water-rinsed  tissue  obtained  from  the  experimental  Masks  at  the  en'i  of 
a  2  hour  run. 
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Table  (i(i„  and  <»k  normal  and  «’asthate  hat  ventral 

I'ROSTATE  TISSI  ES 


Qn.>  HQ 


Modium  and  additions^ 

Normal 

Castrate 

Normal 

('astrate 

No.  of 
ra  s 

X'i.li.e  . 

Vo.  of 
las 

\'alues 

N'o.  of 
rats 

Values 

No.  of 
rats 

Values 

K  v.p.  (Kndoguiious) 

~~S~ 

Kt.l 

60 

2.8 

(2.4  8.1) 

1- 

0.67 

(0.610.71) 

K  t.p.  (Kndogenuus) 

5'' 

10.0 

i 

5'' 

1  .6  • 

K  K.p. +Te.sta’sturon(* 

S*' 

8.1 

80 

2.0 

1 

K  t.c.  (Kndogenou>) 

6 

111 

6 

0.67 

1 

K  :.p.-i-0.2%  (llue<xse 

;  8‘’ 

11  .■_> 

80 

2.2  i 

K  (.p. +l).2%  (ilucose-i-Te.s- 
•sterone 

:  8'' 

7.5 

80 

2.8 

N  iiial  Serum 

-8 

11.0 

(ii.o  l:”.:!) 

16 

5.1 

1  28 

0.80 

i  (0.77  0.08) 

16 

()..57 

inal  Serum 

25'* 

2.4 

! 

1  25'* 

0.88 

No,  nial  Serum  -f  Testixsterone 

8 

11.0 

8r‘ 

1,5 

8 

0.80 

81'' 

0.44 

(0.48  0.44) 

Ca  tiate  Serum 

16 

11 .8 

(!t. 7-12.0) 

16 

4.0 

8 

0.87 

j  (0.81  0.07) 

16 

0.21 

Castrate  Serum 

20' ‘ 

2  2 

20'' 

0.48 

Castrate  Serum  -f-Te.stosterone 

80'' 

1.5 

1 .0 

16 

OB'' 

0.51 

0.52 

*  **  The  usual  manoinotric  procedures  were  employed  (11)  with  buffer  as  suspending  inediiiin.  When  sera  were  the 
sus|><‘ndins  media,  the  Summerson  manometric  method  served  (12).  The  (Jo.,  first-hour  values  were  calculated  on  the 
ba>i-  of  final  dry  weight  of  tissue  from  the  respiration  \'es8el8.  lOO^r  O2  was  used  as  gas  phase  with  Krebs-Uinger  phos¬ 
phate  (K-H.p.),  pH  7.4  medium;  0»-f59r  was  used  with  Krebs-Ringei  carbjuuite  (KR.c.)  and  serum  as 

media.  All  sera  were  made  0.1%  with  resp<*ct  to  glucose.  (Vystalline  testosterone  was  added  to  tissues  in  excess  of  solu¬ 
bility,  approximately  1  mg.  ml.  Kxcept  where  indicated,  all  castrates  were  6  weeks  castrated. 

Ihostatic  tissues  of  these  rats  were  used  in  an  expcMiment  to  give  the  comparable  Qo  values  presented. 

*■  These*  6  wt*eks  castrated  rats  received  10  mg.  testosterone  subcutaneously  ever^'  other  day  for  5  days  and  were  kilh‘d 
on  <iay  after  last  dexse. 

TlK*se  rats  were  4  months  castrated. 


tral  prostate  were  made  manometrically  and  ehemieally  (11)  usinp;  tissue 
from  six  rats.  The  Qco.,  varied  from  1.02  to  1.26  and  the  Qi^ni,.  from  0.47 
t()0..i6.  The  very  low  values  of  these  quotients,  particularly  that  of  Qiaf.,ie, 
indicate  minima’  anaerobic  glycolytic  activity  by  the  ventral  prostate.  Aero¬ 
bic  glycolytic  activity  was  similarly  insignificant  showing  values  from 
Ql:!r  ic  tie  same  low  order  as  found  for  Qi^ctit- 

ENZYM.VriC  STUDIES 

The  marked  decrease  in  respiratory  activity  of  prostatic  tissues  con- 
sc(|uent  upon  castration  of  the  rat  and  its  return  to  normal  levels  after  ad¬ 
ministration  of  testosterone  made  inquiry  into  an  associated  enzymatic 
activity  of  the  gland  of  particular  interest.  For  this  purpose  the  zniuo- 
hexase  activity  of  prostatic  tissue  extracts  was  chosen  because  of  its  critical 
role  in  the  production  from  hexosediphosphate  of  the  common  respirable 
su!)strate,  pyruvic  acid  (l.o).  The  a-glycerophosphate  dehydrogenase 
activity  of  the  same  extracts  was  also  determined  since  other  studies  (16) 
had  revealed  a  certain  correspondence  between  the  cellular  concentration 
of  this  enzyme  with  that  of  zymohexase. 
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Methods:  Zyrnohcxasc  and  a-fjlyci‘i(i|)h(»s|)liat(‘  di'liydroKfnasc  wt'ic  assayi'd  (Iti)  is 
salino  supcM  natants  from  cciitrifuKi'd  10%  homogenates  (10%  wet  wei^lit  of  tissiu',  !)(  , 
weight  of  pliysiologieal  saline')  jerejeare'd  by  5  minutes  high-sjjeed  grinding  in  gl  ss 
liomogenizers  eooleil  in  an  ice-bath.  The  efficiency  of  the  initial  extraetion  of  the  tis-  u> 
was  demonstrated  by  the  failure  of  a  second  extraction  to  sliow  more  than  5%,  of  tac 
activity  of  the  first.  I’sing  crystalline  zymohexase,  we  established  that  the  constitiu  >  ts 
of  the  extracts  did  not  interfere  with  the  quantitative  e-stimation  of  their  enzynia  ic 
activity. 

ffesuUs  and  Discussion :  The  cfTcet  of  castration  upon  the  zymohexu'e 
and  a-slyeeropliosphate  deliydrogenase  activities  of  prostate  tissue  and  ihe 
response  of  the  gland  of  castrated  animals  to  testosterone,  to  stilhesliol, 


4.  IvNZY.MK  ACTIVITY  OK  I'KOSTATES  OK  XOKXIAI.,  I  ASTKATEI), 
A  XT)  CASTRATE-TREATEU  RATS 


! 

Normal  , 

(’ast  rated 

8-day- 

-treated  4 
castrates'' 

-week 

\\%w.l.. 

<  afte 
itioir 

r 

4'("  t 

Kiizynn' 

Imma¬ 

ture'' 

cast  r: 

Testo- 

Stil- 

steronc 

plus 

stil- 

bestnil 

.Adult® 

4 

5 

(5 

7 

steroiK' 

Ix'strol 

Zymohexase'’ 

«-( Jlycerophosphate 
dehydrogenase' 

108 

(88-124) 

85 

(2(5-  47) 

110 

88 

10 

51 

4 

(io 

5 

4:i 

0 

(52 

104 

40 

7 

iV2 

88 

48 

•  24  rats  provided  the  ventral  jirostate  tissue  to  establish  these  average  values. 

Kighteen  20-day-old  rats,  average  weight  =28  grams.  .Vverage  weight  of  prostate  gl.'iiiil 
=  12.5  mg.,  compared  with  an  average  of  285  mg.  for  normal  rats  with  a  body  weight  of  41 1 
grams. 

'  A  minimum  number  of  10  castrated  rats  was  u.sed  to  obtain  any  one  value. 

'*  Kighteen  4-week-cast  rated  rats  wi're  injected  with  8  mg.  of  each  hormone  indicated  ev¬ 
ery  other  day  for  eight  days,  then  sacrificed  on  the  ninth  <lay  to  provide  gland  extracts, 

••  H'  units  of  activity  of  10%  homogenate  extrai'ts  at  25°  C. 

'  Units  of  activity  based  on  AdjJo,;.,,.  for  ten  minutes  effected  by  1  ml.  of  10%  homogenate 
extrai'ts  at  25°  C. 

and  to  testosterone  plus  stilbestrol  with  respect  to  these  two  enzymes  wt  re 
extensively  investigated.  Typical  values  obtained  for  both  enzynmtic 
activities  are  given  in  Table  4.  From  these  results  it  can  be  seen  that  cast  ra¬ 
tion  affects  greatly  the  concentration  of  zymohexase  in  the  gland  tis.sue  liy 
lowering  it  to  5-10%  that  of  the  normal.  Such  loss  was  coincident  with  loss 
in  gland  weight  and  atrophy  of  the  epithelial  cells  as  revealed  by  hi.stologi- 
cal  examination.  In  some  in.stances  tlie  5%  level  was  attained  in  2  weeks 
following  castration,  in  others  this  low  concentration  was  found  only  af’cr 
4  weeks.  In  contrast  to  the  zymohexase  loss,  the  concentration  of  a-gl  c- 
erophosphate  dehydrogenase  not  only  did  not  fall  but  consistently  n- 
creased  following  castration.  Since  the  gland  weight  from  castration  was  e- 
duced  to  approximately  5%  of  its  normal  weight  by  7  weeks  after  casi  a- 
tion,  the  absolute  amount  of  the  dehydrogenase  on  the  whole  gland  b:  is 
had  of  course  been  decrea.sed  but  to  a  lesser  extent  than  the  weight  1<  '. 
The  low  Qoj,  the  low  concentration  of  zymohexase  and  the  relatively  i- 
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laiiml  level  of  (leliydroRenase  of  prostates  of  tlie  castrated  animals  com- 
)ared  to  that  of  normals  reflects  the  metabolic  ditferences  of  the  tissues 

hich  predominate  in  the  glands  under  the  two  physiological  conditions, 
'hese  enzymatic  changes  may  be  compared  to  the  already  observed  de- 
'  teases  in  malic  dehydrogenase,  succinic  dehydrogenase,  and  cytochrome 
(  xidase  in  rat  prostates  following  castration  (o,  17). 

The  concentrations  of  both  zymohexase  and  a-glycerophosphate  de- 
1  vdrogenase  in  the  prostate  glands  of  2()-day  old  immature  rats  were  simi- 
1  r  to  those  of  normal  adults  rather  than  of  castrates.  This  fact  is  of  interest 
1  '“cause  of  the  sexual  impoteney  of  the  immature  animals  and  the  relatively 
^  nail  weight  of  the  prostate  versus  their  total  body  weight  (1 :224t))  as 
(  nnpared  to  the  value  of  a  similar  ratio  shown  by  adult  animals  (1 :  ItMtt)). 

As  shown  in  Table  4,  testosterone  replacement  effected  a  return  of  zymo- 
L“xase  concentration  in  the  prostate  to  a  normal  level  while  stilbestrol  ad¬ 
ministration,  as  anticipated,  had  no  demonstrable  effect  on  the  already  low 
(“iizyme  value.  When  testosterone  was  injected  into  the  castrates  along 
with  stilbestrol,  the  zymohexase  concentration  ii  ;ie  prostates  again  re¬ 
turned  to  a  near  normal  level.  This  result  indicates  that  the  effect  of  the 
t(  stosterone  on  the  target  organ  is  independent  of  stilbestrol. 

■  To  determine  whether  the  increase  in  zymohexase  concentration  i  i  the 
ventral  prostate  of  a  testosterone-treated  castrate  rat  is  directly  propor¬ 
tional  to  the  amount  of  steroid  injected,  we  administered  subcutaneously 
various  amounts  of  crystalline  testosterone  in  corn  oil  to  8  groups  of  3 
four-week-castrated  mature  rats  and  after  72  hours  determined  the  weight 
of  the  prostate  gland  and  its  zymohexase  activity  per  mg.  wet  weight  of  tis¬ 
sue.  Table  o  .summarizes  the  results  obtained.  The  zymohexase  activity  in- 
crea.ses  abruptly  and  markedly  (10-20  fold),  when  the  amount  of  injected 
hormone  is  increa.sed  from  0.1  to  0.2  mg.  per  rat.  This  increased  enzymatic 
activity  is  paralleled,  albeit  on  a  much  smaller  scale,  by  the  2-fold  wet 
weight  increase  of  the  gland.  The  zymohexase  concentration  of  the  prostate 
tissue  from  the  castrated  rat  treated  with  1.0  mg.  of  testo.sterone  approxi¬ 
mates  that  of  the  normal,  although  the  total  weight  of  the  gland  is  oidy 
about  15%  of  its  “normal”  value  after  the  single  injection  of  testosterone. 
The  threshold  response  to  testosterone  concentration  in  terms  of  zymo- 
hcxa.se  activity  of  prostate  ti.s.sue  in  treated  castrate  rats  is  clearly  demon- 
.st rated.  The  u.se  of  this  threshold  effect  as  an  end  point  in  biologic  assay 
has  not  been  explored. 

The  acid  phosphata.se  activity  of  adult  normal  human  prostatic  tissue 
falls  in  the  range  of  522  to  2284  King- Armstrong  units  (18)  per  gram  of 
fresh  tissue.  At  puberty,  the  enzymic  activity  is  about  70  units  while  at 
1'.  years  of  age  it  is  of  the  order  of  1  unit  (19).  The  level  of  activity  of  acid 
phosphata.se  in  the  prostates  of  adult  man,  monkey  (20,  21),  and  dog  (22) 
(1*  creases  following  castration  or  stilbestrol  administration  and  increases 
upon  androgen  replacement  in  castrates.  To  compare  the  acid  phosphatase 
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activity  of  the  ventral  prostate  of  rats  with  the  prostates  of  these  man  - 
mals,  we  determined  the  enzyme  activity  levels  of  normal  immature  ral' 
(20  days  old),  of  normal  adult  rats,  of  adult  rats  castrated  for  periods  ( f 
time  from  1  to  0  weeks,  and  of  O-week  castrated  adult  rats  treated  sul  - 
cutaneously  with  five  10  mg.  doses  of  crystalline  testosterone  in  propylene 
glycol  every  other  day  for  10  days. 

In  determining  the  acid  phosphatase  activity  in  terms  of  King-Arni- 
strong  units,  we  employed  both  whole  saline  homogenates  of  the  gland  as 
well  as  the  supernatants  obtained  from  these  homogenates  after  centrifuga¬ 
tion  at  o°  C  for  five  minutes  at  20,000  xg.  Incubation  of  both  the  homog¬ 
enates  and  the  supernatants  with  the  test  reagents  was  carried  out  in 


Tabi.k  .5.  The  effect  of  \  ariols  doses  of  testosterone  ox  the  w  ekjht  and  zvmohexa>e 

ACTIVITY  OF  THE  VENTRAI,  PROSTATE  OF  4-WEEK  CASTRATE  MAT!  RE  RATS 


Comlitiuii  of  animal 

Testosterone,  mg. 

.Vverage  wgt.  prostate, 
mg. 

Zymohe.xase  (It 
units  of  ])ooleil 
tissue) 

('ontrol 

— 

28,5  (2:15-880) 

108 

C'astrate 

— 

10  (0-  14) 

4 

Castrate 

oil  only 

8.2  (8-8.5) 

2 

C'astrate 

().().5 

11  (7-  i:b 

8 

Castrate 

0.  ID 

i:t  (0-  10) 

2 

Castrate 

0.20 

22  (1.5-  :d) 

00 

Castrate 

0.50 

21  (20  27) 

00 

Castrate 

1  .00 

:n  (28-  :i2) 

100 

Castrate 

10.00 

.50  (:14-  70) 

110 

Tpstostorone  adniinisfercd  as  a  sinKlc  injection  in  oih*  ml.  of  corn  oil.  Weight  and  enzyme 
activity  iletermined  72  hours  following  testosterone  administration. 


double  side-armed  Warburg  respiration  vessels  with  shaking  at  120  r.p.in. 
at  37°  C  for  30  minutes.  The  reaction  was  initiated  at  zero-time  by  addition 
of  the  homogenate  or  supernatant  from  one  side-arm  and  was  halted  by 
addition  of  the  Folin-Ciocalteau  reagent  from  the  other  side-arm. 

The  results  obtained  with  the  homogenates  from  the  several  types  of 
prostates  .studied  showed  that  the  acid  phosphata.se  activity  of  all  fell  in 
the  range  of  8-11  King-Armstrong  units.  The  supernatant  values  ranged 
from  3.2  to  5.0  units.  From  these  data  it  may  be  concluded  that  (a)  the 
acid  phosphata.se  activity  of  ventral  rat  prostatic  ti.ssue  is  1  50  to  1  200 
that  of  adult  human  prostatic  tissue;  (b)  the  activity  levels  are  not  maik- 
edly  affected  by  age  of  the  rat  when  compared  to  humans  at  puberty  a''d 
adulthood,  and  (c)  the  activity  levels  are  not  responsive  to  ca.stration  or 
androgen  replacement  in  a  castrated  rat. 
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AX  ATTEMPT  TO  INDUCE  PRfXXX'IOUS  SEXUAL 
BEHAVIOR  IN  MALE  GUINEA  PIGS  BY  INJFX'- 
TIONS  OF  TESTOSTERONE  PROPIONATE* 

ARNOLD  A.  GERALL 

Ihpnrtmmt  of  Anatomy,  Vniversity  of  Kansas,  Lawrence,  Karusas 
ABSTRACT 

H(‘ginnins  at  tlu*  first  or  second  day  of  life,  dosages  of  500  of  testosti'rone 
Ijiopionate  ))er  100  gin.  body  weight  were  adininisteretl  daily  to  intact  and 
castrated  guinea  pigs.  There  was  no  statistically  significant  evidence  that  the 
intromission  and  (‘jaculation  resjionses  developed  pri'cociously  in  these*  animals, 
will'll  comiiared  with  intact  guinea  jiigs  receiving  sesaim*  oil.  These  results 
differ  from  those  obtained  with  the  rat  in  which  jirecocious  sexual  development 
has  bei'ii  ])roduced  by  testosterone  jiropionati*  treatment.  It  was  concluded 
from  the  accumulated  evidence  that  the  guinea  jiig  and  rat  do  not  resjxmd 
similarly  to  testosterone  jirojiionate  during  jiost-natal  develojiment  and  ma¬ 
turity. 

IN  1940  Stone  (1)  reported  that  male  rats  22  to  20  days  of  age  injected 
with  testosterone  propionate  manifested  copulatory  beliavior  20  days 
earlier  than  control  animals.  In  a  subsequent  study  Beach  (2)  found  that 
copulatory  behavior  was  advanced  approximately  30  days  in  male  rals 
15  to  10  days  old  treated  with  testosterone  propionate.  In  addition,  2  of 
the  4  treated  rats  ejaculated  at  29  days  of  age,  whereas  two  control  animals 
30  days  old  when  the  study  terminated  had  not  ejaculated. 

Contrary  to  expectations  based  on  the.se  studies  of  the  rat,  Riss,  Valen- 
stein.  Sinks  and  Young  (3)  found  no  une(iuivocal  evidence  for  precocioiis 
development  of  sexual  respon.ses  in  guinea  pigs  injected  with  testosterone 
propionate.  Their  experiment  differed  from  those  of  Stone  and  Beach  not 
only  in  choice  of  experimental  animals  but  also  in  their  use  of  intraperi- 
toneal  rather  than  .subcutaneous  or  intramuscular  injections.  Wlaii 
te.stosterone  propionate  is  injected  intraperitoneally,  there  is  greater  likeli¬ 
hood  that  it  may  be  picked  up  by  the  portal  circulatory  system  and  in¬ 
activated  in  the  liver,  and  as  a  re.sult  their  animals  may  have  received  tie 
hormone  in  insufficient  amounts  to  affect  sexual  development.  In  addition, 
Riss,  Valenstein,  Sinks  and  Young  u.sed  castrated  rather  than  intact  ai  i- 
mals  which  as  they  noted,  may  respond  differently  to  the  exogenous  In.  - 
mone.  In  the  present  study  both  subcutaneous  and  intraperitoneal  inji  - 

K(*c(*iv('(l  Di'combvr  23,  1957. 

*  'Phis  iiivostigiition  was  siquiorted  by  roseareb  grant  M-.5()4  ((’5)  frnm  tlu*  Xatiot  il 
Institute  of  Mental  Health  of  the  National  Institutes  of  Health,  Public  Health  Servi  : 
grant  administered  by  Dr.  William  C.  Young. 
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ions  were  adininistered  to  intact  as  well  as  castrated  animals  in  an  attempt 
I  t  determine  the  efficacy  of  testosterone  propionate  in  induciufi;  precocious 
^  xual  behavior  in  the  male  Kninea 

METHOD 

On  the  (lay  of  birth.  oO  Kuinen  pi^s  fi'oin  a  s<‘iu‘ticaUy  lietcroKciu'ous  stock  were'  as- 
s  ,iu'(l  randomly  to  cacli  of  oinht  cxiMM-inumtal  groups.  Within  2  days  after  l)irtli  the 
:i  iinals  wtax'  castrated  or  left  intact,  and  injections  of  testosterone  propionate  or  sesame 
o  administered  either  intraperitoneully  or  subcutaneously  were  begun.  Ev(‘ry  animal 
V,  s  weighed  and  injected  daily  with  .500 /xg.  of  t(‘stosterone  i)ropionate  per  100  gm.  body 
w  Ight.'*  All  animals  were  caged  with  their  mothers  and  litter  mat(“s  until  2.5  days  of 
a  ‘  when  they  were  placed  in  cages  containing  males.  Seven  of  the  animals  were  dropja'd 
fi  an  the  study  because  of  illness.  .Vnother  ,5  were  found  to  have  testicular  fragments 
a  il  their  data  were  considered  se|)arately  from  those  obtained  with  eomjjletely  castrated 
SI  bjects.  .V  summary  of  the  eight  exi)erim('ntal  groups  is  presented  in  Table  1. 

The  first  10  minute  mating  ti'st  was  given  when  the  male  was  between  12  and  1.5  days 
old.  Five  minutes  after  the  male  was  i)lac(‘d  in  a  24"X24'X12"  rectangular  box  with  a 
oi.e-way  vision  screen  an  estrous  female  of  similar  size  was  i)laeed  with  him.  Five  to 
S  days  intervened  between  (‘aeh  of  the  succeeding  9  tests. 

RESULTS 

•  Table  1  .shows  the  time  from  birth  until  the  first  ejaculation  or  intro¬ 
mission  occurred  in  a  mating  test.  As  would  be  expected,  none  of  the  cas- 


TaBI.E  1.  .VVERAOE  NI  MBER  OK  WEEKS  FROM  BIRTH  BEFORE  THE  AI’I’EARA.NCE 
OF  EJACI  LATION  AM)  I XTROMISSIOX  RESPONSES 


Houtes  of  Testosterone  propionate 

Sesame  oil 

injection  .  j  p  S  C 

I.P. 

S.(^ 

B  lijac.  Intro.  Ejae.  Intro. 

Ejac.  \  Intro.  , 

Ejac.  1  Intro 

S.  X=4*  X=() 

X=4  i 

X=2 

\  9.2  7.0  7. .5  7. .5 

—  1  — 

—  1  — 

\  \ 

! 

^  '  i 

“  x=8  x=r) 

1 

X  =  \ 

1 

i  X=4 

■S  8.1)  7.1  (1.8  i  .5.8 

7.7  j  ().:i 

! 

1  7.7  ().:{ 

*  Xuniber  of  animals  in  each  group. 


tinted  animals  receiving  oil  exhibited  intromissions  or  ejaculations.  Intact 
animals  whether  injected  with  .sesame  oil  intraperitoneally  or  .subcutane¬ 
ously  manifested  the  ejaculatory  response  at  an  average  age  of  7.7  weeks. 
Tlie  comparable  group  in  the  experiment  reported  by  Riss,  Valenstein, 
Sinks  and  Young  exhibited  the  ejaculatory  respon.se  at  7.9  weeks.  In  the 
pi  (“sent  study  only  animals  receiving  testosterone  propionate  sulicutane- 
ously  ejaculated  on  the  average  before  7.7  weeks.  This  difference  produced 

*  Testosterone  propiomite  was  supplied  by  Ciba  Pharmaceutical  Products,  Inc. 
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by  method  of  injection  (Table  1)  is  small  and  does  not  reach  the  .05%  co>  - 
fidence  level  which  had  been  selected  for  rejection  of  the  null  hypothesi  . 

•Vs  described  by  Beach  (2)  the  complete  copulatory  pattern  of  the  rat  > 
probably  most  comparable  to  the  secpience  of  responses  observed  in  tic 
guinea  pig  preceding  and  including  intromission.  Data  in  Table  1,  whi(  h 
presents  the  average  number  of  weeks  between  birth  and  intromi.ssion,  ii  - 
dicate  a  slight  but  non-significant  advancement  of  the  intromission  ii- 
sponse  in  hormone-treated  guinea  pigs. 

To  obtain  a  measure  of  general  level  of  .sexual  drive,  the  behavior  of  the 
animals  during  mating  tests  was  recorded  and  scored  according  to  proce¬ 
dures  di.scussed  by  Young  and  (Irunt  (4).  Roughly  .speaking,  the  computed 
.score  is  related  to  the  rate  at  which  various  .sexual  responses  are  displayed 
and  to  the  time  of  occurrence  of  the  ejaculatory  response  during  the  It) 
minute  test.  In  Figure  1,  the  average  scores  are  shown  for  the  first  and  .se<‘- 
ond  5  weeks  of  the  experiment.  The  only  experimental  group  showing 
higher  .sexual  drive  than  intact  oil-injected  animals  was  that  receiving 
testosterone  propionate  .subcut aneou.sly  and  this  difference,  obtained  oidy 
during  the  first  5  weeks  of  life,  could  be  a  chance  occurrence. 

I . I  Castrated.  T.P.,  I.P. 

iiiiiii  Costrated,  T. P..  3.C. 

Castrat^cd.  Oil 
I - 1  Intact.  T.R.  I.P. 


Fig.  1.  Average  sexual  drive  score  during  the  first 
five  and  second  five  mating  tests. 
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Two  of  the  o  swinea  pigs  containing  testicular  fragments  received  injec- 
uons  of  oil.  Their  behavior  was  similar  to  that  of  the  intact  males.  The  3 
cmaining  animals  were  given  testosterone  propionate.  The  ages  at  which 
.  !iey  manifested  various  sexual  responses  were  similar  to  those  of  the  com- 
1  letely  castrated  animals  injected  with  testosterone  propionate.  The  dif- 
1  rence  between  this  result  and  the  report  of  precocity  in  two  males  con- 
t  ailing  testicular  fragments  and  receiving  25  juK-  of  testosterone  propionate 
:  ad  per  100  gm.  body  weight  (3)  cannot  be  explained. 

niscussiox 

In  the  present  investigation  an  attempt  was  made  to  determine  whether 
t  le  routes  of  injection  and  the  presence  or  absence  of  the  gonads  are  factors 
1  lat  influence  the  effectiveness  of  te.stosterone  propionate  in  accelerating 
tae  .sexual  development  of  the  rat  and  guinea  pig.  Administration  of  testo- 
^i Clone  propionate  to  intact  and  castrated  guinea  pigs  via  intraperitoneal 
itiid  subcutaneous  routes  did  not  significantly  advance  the  appearance  of 
cither  the  copulatory  pattern  or  ejaculatory  response.  Nor  were  significant 
(litferences  found  in  the  level  of  .sexual  drive  between  experimental  and 
normal  animals.  Therefore,  it  appears  that  during  maturation  the  rat  and 
guinea  pig  react  differently  to  testosterone  propionate  treatment. 

Not  only  the  .sexual  maturation  process,  but  also  the  level  of  sexual  be¬ 
havior  and  functioning  of  .secondary  reproductive  organs  in  the  adult 
guinea  pig  seem  to  lie  affected  to  a  lesser  extent  by  testosterone  propionate 
treatment  than  in  the  rat.  Stone  (5)  and  Craig,  Casida  and  Chapman  (0) 
found  that  exogenous  testosterone  propionate  can  increase  the  sexual  drive 
of  some  intact  adult  rats  that  hail  not  mated  prior  to  treatment.  Attempts 
to  elevate  the  level  of  sexual  drive  of  intact  guinea  pigs  by  injections  of 
testosterone  propionate  were  unsuccessful  (7).  Also,  when  castrated  rats 
were  given  supra-maintenance  amounts  of  testosterone  propionate  sexual 
behavior  was  often  superior  to  that  exhibited  before  gonadectomy  (8).  In 
contrast,-Clrunt  and  Young  (h)  oliserved  that  the  sexual  drive  of  castrated 
guinea  pigs  was  not  raised  above  pre-operative  levels  by  large  dosages  of 
exogenous  hormone. 

In  both  species  injections  of  testosterone  propionate  produce  greater 
than  normal  weights  of  the  seminal  ve.sicles,  prostate  and  coagulating 
glands  (10,  11,  12).  However,  an  interesting  difference  between  animals  is 
reflected  in  the  amount  of  .secretory  activity  by  the  accessory  reproductive 
organs  following  injections  of  testosterone  propionate.  Mann  and  Parsons 
(12)  report  that  the  level  of  fructo.se  and  citric  acid  in  the  prostate  gland 
nud  seminal  ve.sicles  of  rats  injected  with  te.stosterone  propionate  was 
several  times  greater  than  that  in  normal  rats.  Mann  (13)  notes  that  in¬ 
jections  of  large  do.ses  of  hormone  in  rats  invariably  were  followed  by  “in- 
c  eased  level  of  fructose  formation  welt  above  that  of  non-treateil  controls.” 
I’ecently,  Ortiz,  Price,  Williams-Ashman  and  Banks  (11)  performed  an 
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extensive  study  on  the  effect  of  testosterone  propionate  on  tlie  secretoi 
activity  of  the  accessory  reproductive  organs  of  the  guinea  pig.  Tliey  coi  - 
eluded  that  the  androgen  did  not  produce  precocious  secretory  activity  1 1 
the  organs  of  tliis  animal. 

Thus,  testosterone  propionate  treatment  accelerates  the  rate  of  matur:.- 
tion  of  sexual  responses  and  produces  greater  than  normal  sexual  drive  and 
secretory  activity  of  the  accessory  sexual  organs  in  the  rat,  hut  it  does  not 
do  so  in  the  guinea  pig.  Judging  from  the  re.sults  of  the  present  experiment 
and  others,  it  is  doubtful  that  dosage  level,  routes  of  injection,  age  after 
birth,  or  castration  effects  are  crucial  factors. 

One  factor  that  might  be  important  is  the  time  measured  from  date  of 
conception  the  injection  of  the  hormone  is  started.  The  gestation  period 
of  the  rat  is  22  days  whereas  it  is  68  days  for  the  guinea  pig.  In  studies  with 
the  rat,  te.stosterone  propionate  was  administered  between  86  and  .oO  days 
after  conception;  when  the  guinea  pig  was  used  as  a  subject  the  hormone 
was  not  injected  before  68  days  after  conception.  Should  the  guinea  pig  re¬ 
ceive  the  exogenous  hormone  at  an  earlier  period  in  its  development,  the 
maturation  of  its  sexual  behavior  might  be  influenced  to  an  extent  similar 
to  that  found  in  the  rat. 
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HLOOl)  VOLUME  ('HANGES  IN  THE  LACTATING  RAT‘ 
CHARLES  F.  BOND’ 

Ihparlmcnl  of  Zoology,  Cornell  rniversity,  Ithaca,  Xcw  York 
ABSTRACT 

IMiisniii  volume  (dye  method),  hematoerit  value,  and  hemoslohin  and  plasma 
protein  eoneentrations  were  measured  in  normal  female  rats  at  two  stages  of 
laetation  and  two  weeks  i)ost-lactation,  and  from  these  data  total  blood  and 
ervthroeyte  volumes  and  total  hemoftlohin  were  ealculated.  In  the  laetatin^ 
rats,  the  total  blood,  erythrocyte  and  i)lasma  volumes  and  total  hemoglobin 
increased  significantly  above  control  values  in  non-pregnant  rats,  and  returned 
to  the  j)re-pregnancy  levels  in  the  post-lactation  period.  Plasma  specific  gravity 
decreased  significantly  during  lactation,  and  there  was  a  loss  of  plasma  protc'ins 
in  the  second  half  of  this  period.  Hematocrit  values  and  hemoglobin  concentra¬ 
tions  did  not  rise  above  the  control  values.  There  was  no  correlation  between 
maternal  blood  picture  and  litter  size,  but  there  was  a  high  inv(‘rse  correlatitm 
between  litter  size  and  the  body  weight  of  tin*  offspring  at  the  end  of  lactation. 

It  is  suggested  that  the  increase  in  the  volume  of  circulating  erythrocytes 
constitutes  a  lactation  polycythemia,  the  function  of  which  may  Ih'  to  increase 
the  oxygen-carrying  capacity  of  the  blood  to  meet  the  increased  metabolic 
demands  of  lactation. 

During  pregnancy  in  tlie  rat,  the  blood  volume  increases  propor- 
ally  faster  than  the  erythrocyte  number  which  results  in  an  apparent 
“anemia  of  pregnancy”  (1),  but  during  the  lactation  period,  much  less  is 
known  about  the  circulatory  adjustments.  Berlin  ct  al.  (2)  reported  total 
blood  and  erythrocyte  volumes  in  three  lactating  rats  without  indicating 
tlie  stage  of  lactation.  The  following  report  concerns  changes  in  some  blood 
constituents  in  rats  during  lactation  and  two  weeks  post-lactation.  Plasma 
volume  (dye  method),  hematocrit  value,  and  hemoglobin  and  plasma 
protein  concentrations  were  measured,  and  from  these  data  were  calculated 
total  blood  and  erythrocyte  volumes  and  total  hemoglobin. 

MATERIALS  AND  METHODS 

Long-Evans  nullii)arous  female  rats  weighing  lcSO-210  grams  initially  were  u.sed. 
During  pregnancy,  lactation  and  post-lactation  the  rats  were  fed  a  standard  calf  meal 
r.ition  ad  libitum,  and  each  rat  was  ))ermitted  to  suckle  all  of  its  young. 

Plasma  volumes  wen'  measured  by  a  T-1S24  dye  dilution  technique;  hematocrit 
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values  were  obtained  by  usin>;  Van  Allen  tubes;  plasma  i)rotein  eoneentrations  \\v  ,• 
ealeulated  from  j)lasma  speeifie  gravity  measurements  made  with  a  LaMotte  Fallii  ^ 
Drop  Densiometer,  and  hemoglobin  eoneentrations  were  determined  as  acid  hematin  .1 
a  FisluT  Fleet ro-Hemometer.  The  |)roeedures  have  been  deseribed  in  a  previous  j)ap  r 
(3).  Total  blood,  erythroeyte  and  plasma  volumes  are  jjresented  as  ee.  100  gm.  of  boi  v 
weight,  and  total  hemoglobin  as  gm.  100  gm.  of  body  weight.  Measurements  were  mai  (> 
on  the  9th-10th  and  20th-21st  days  of  lactation  and  on  the  13th-15th  day  jmst-lactatii  n 
(dated  from  weaning  on  the  22nd- 23rd  day). 

The  data  were  analyzed  by  the  small  sample  t  test,  and  mean  differenees  were  con¬ 
sidered  significant  if  the  value  of  V  was  0.01  or  less. 

RESULTS 

The  data  are  presented  in  Table  1.  The  control  values  of  the  blood  con¬ 
stituents  in  adult  nulliparous  rats  from  the  .same  colony  were  used  for 
comparison.  Since  it  has  previously  been  shown  that  the  total  blood  volume 
on  the  2nd  day  post-partum  is  the  same  as  in  non-pregnant  females  (1),  it 
is  evident  that  the  total  blood  volume  increased  steadily  during  lactation 
and  decreased  following  removal  of  the  young.  These  changes  were  not 
merely  concomitant  with  somatic  growth  .since  the  body  weight  changed 
very  little  during  the  period  from  parturition  through  two  weeks  post- 
lactation.  This  con.stancy  in  body  weight  was  contrary  to  the  report  of 
Cole  and  Hart  (4),  but  their  animals  suckled  only  4-0  young. 

Hemoglobin  concentration,  total  hemoglobin,  and  the  volume  of  erytli- 
rocytes  in  circulation  increased  during  lactation.  Hemoglobin  concen¬ 
tration  and  total  hemoglobin  on  the  2nd  day  po.st-partum,  on  the  basis  of 
previous  work  (1),  were  approximately  12.2  gm.  100  cc.  of  blood  and  1.00 
gm.  100  gm.  of  body  weight  respectively.  Therefore,  in  the  first  10  days 
of  lactation  the  total  hemoglobin  returned  to  the  pre-pregnancy  control 
value,  and  then  increa.sed  .significantly  above  this  value  in  the  .second  half 
of  lactation.  Two  weeks  after  weaning  the  total  hemoglobin  value  had  n*- 
turned  to  the  control  level.  Hemoglobin  concentration,  on  the  other  hand, 
increased  during  lactation  but  was  not  within  the  range  of  variation  found 
in  nulliparous  females  until  late  in  lactation.  The  erythrocyte  volume  in¬ 
crea.sed  .significantly  during  lactation,  and  had  not  yet  returned  to  the  i)ic- 
pregnancy  level  two  weeks  after  removal  of  the  young.  Calculation  of 
mean  corpuscular  hemoglobin  concentrations  (data  not  shown)  revealod 
that  the  erythrocytes  present  in  lactation  were  le.ss  rich  in  hemoglobin  th  in 
the  controls  and  that  the  hemoglobin  concentration  per  erythrocyte  grad¬ 
ually  increased  in  the  post-lactation  period. 

Plasma  volume  increased  significantly  during  the  fir.st  half  of  lactat.on 
and  remained  at  this  level  in  the  second  half.  However,  the  plasma  pro! (  in 
concentration  decreased  continuously  throughout  lactation.  Since  lx.h 
hemodilution  and  an  actual  loss  of  plasma  protein  (pos.sibly  to  the  m!i  •)- 
mary  gland)  may  contribute  to  the  gradual  decrease  in  plasma  proti  in 
concentration,  the  changes  in  plasma  volume  .suggest  that  hemodilut  11 
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plays  a  great  role  in  the  first  half  of  lactation  and  that  plasma  protein  lo'S 
is  more  important  during  the  second  half.  In  the  post -lactation  period,  tlie 
plasma  volume  decreased  and  the  plasma  protein  concentration  increase  1, 
hut  only  the  plasma  volume  was  within  the  control  range  on  the  13th-loili 
day. 

The  mean  number  of  young  suckled  by  the  rats  was  (S.o,  with  2  the 
minimum  and  11  the  maximum.  On  the  20th-21.st  day  the  mean  body 
weight  of  the  young  was  32. .5  gm.  There  was  an  inverse  correlation  (a 
coefficient  of  correlation  of  —0.86)  between  body  weights  of  individual  olf- 
spring  and  litter  size,  but  there  was  no  evidence  of  any  correlation  l)etwecii 
litter  size  and  the  maternal  blood  picture. 

DISCUSSION 

In  marked  contra.st  with  the  extensive  literature  covering  the  condition 
classically  known  as  the  anemia  of  pregnancy  is  the  relative  paucity  of 
literature  pertaining  to  blood  changes  in  the  lactating  rat.  One  reason  for 
this  apparent  lack  of  information  on  the  blood  picture  during  lactation 
may  be  due  to  the  results  of  earlier  studies  {o,  G,  7)  which  included  only 
concentration  measurements,  that  is,  hemoglobin  concentration,  erthyro 
cyte  count  and  hematocrit  value.  These  findings,  confirmed  here,  were  in¬ 
terpreted  as  indicating  a  recovery  during  lactation  from  the  anemia  of 
pregnancy.  However,  in  view  of  the  great  increase  in  total  blood,  erythro¬ 
cyte  and  plasma  volumes  observed  in  the  present  study,  a  new  interpreta¬ 
tion  of  the  blood  picture  in  lactation  appears  justified. 

It  is  suggested  that  the  enlarged  volume  of  circulating  erythrocytes  con¬ 
stitutes  a  lactation  polycythemia,  the  function  of  which  may  be  to  increase 
the  oxygen-carrying  capacity  of  the  blood  to  meet  the  increased  metabolic 
demands  of  lactation.  Recently,  Fried  ct  al.  (8)  stated  that  the  rate  of 
erythropoiesis  is  determined  by  the  level  of  plasma  erythropoietin  and  that 
erythropoietin  production  is  regulated  by  the  oxygen  supply  and  demand 
relationship.  It  will  be  of  interest  to  determine  the  amount  of  erythropoietin 
in  the  plasma  of  lactating  rats. 

The  increase  in  plasma  volume  in  lactating  rats  supports  the  hypothesis 
of  Dieckmann  and  Wegner  (9,  10)  which  states  that  an  increase  in  plasma 
volume  results  in  a  lighter  work  load  on  the  heart  during  human  pregnancy 
and  the  early  puerperium,  two  periods  of  metabolic  stress.  However,  since 
the  plasma  volume  did  not  increase  after  the  middle  of  lactation  while 
the  erythrocyte  volume  increased  throughout  this  period,  the  plasr  a 
volume  increase  in  the  rats  was  not  merely  a  compensatory  mechanism  o 
prevent  hemoconcentration.  The  results  of  some  preliminary  experimei  s 
by  the  author  suggest  that  the  cause  of  this  plasma  volume  increase  m;  y 
be  endocrine  in  origin,  and  additional  experiments  to  test  this  hypotlu" 
are  in  pregress. 

Although  no  attempt  has  been  made  here  to  determine  how  wid(  c 
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:  pplicable  the  lactation  polycythemia  hypothesiis  may  be,  it  would  appear 
’  did  in  at  least  two  species  other  than  the  rat.  An  extensive  study  of  dairy 
I  (  ittle  by  Turner  and  Herman  (1 1)  revealed  that  the  total  amount  of  blood 
i  creased  during  lactation,  which  they  attributed,  in  part,  to  enlargement 

SI  the  udder.  Reynolds  (12)  found  an  increase  in  plasma  volume  and  a 
1  »rmal  hematocrit  value  in  lactating  cows.  Hansard  ct  al.  (13)  discovered 
I  a  2o%  increase  in  total  blood  volume  and  a  normal  hematocrit  value  in 
[  I;  vtating  burros,  but  offered  no  explanation  of  their  findings.  In  all  of 

■  t  cse  studies  the  data  indicate  that  polycythemia  was  present,  and  the 

11  'imal  hematocrit  values  show  that  erythrocyte  and  plasma  volumes  in- 
,  c  eased  proportionally. 
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KFFIXTS  OF  CX)RT1S()NE  AC'ETATE  OX  MILK  PRO¬ 
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AHSTKA( T 

Two  similar  oxpiM  imonts  wimt  p(Mfonm*<l  on  liS  i)ai  turinnt  rats  to  dotormiiio 
the  effects  of  ectrtisoiie  acetate  on  lactation  and  inaminarv  involution.  The  lacta¬ 
tional  response  was  measured  hy  the  effects  on  growth  rate  of  the  litters  during 
the  first  IS  days  postpartum.  In  the  first  exi)eriment,  0.5  mg.  of  cortisone 
acetate  daily  elicited  a  significant  increase  in  average  litter  weight  gain  over 
the  control  litters.  A  dose  level  of  1.0  mg.  of  corti.sone  acetate  daily  i)roduced  a 
slight  hut  insignificant  gain  in  average  litter  weight  (tver  control  littms,  desj)ite 
a  loss  of  over  15  per  cent  in  body  weight  by  the  mother  rats.  In  the  .second  ex- 
j)eriment,  daily  do.ses  of  0.5  or  1.0  mg.  of  cortisone  acetate,  induced  significant 
litter  weight  gains  over  control  litters.  When  litters  were  removed  on  the  ISth 
day  postpartum,  ami  cortisone  acetate  injections  were  continued  for  an  addi¬ 
tional  10  days,  mammary  involution  was  significantly  retarded. 

The  precise  role  of  the  adrenal  cortex  in  the  initiation  and  maintenance 
of  lactation  remains  to  be  clarified.  In  hypophysectomized  animals, 
a<lrenal  cortical  hormones  are  essential  for  the  initiation  and  maintenance 
of  lactation  (1,  2).  During  pregnancy,  adrenalectomy  does  not  prevent  the 
onset  of  milk  secretion  at  parturition,  hut  lactation  is  only  of  short  dura¬ 
tion  (3,  4).  Adrenal  cortical  activity  is  increased  during  lactation  in  the  rat 
(5)  and  there  is  also  eviflence  that  the  .suckling  stimulus  elicits  a  release  of 
adrenal  cortical  hormones,  as  indicated  by  a  decrease  in  adrenal  ascoiUic 
acid  and  thymic  involution  (6,  7). 

Mo.st  workers  agree  that  injections  of  ACTII  or  glucocorticoids  induce  a 
prompt  fall  in  established  milk  yields  of  cows  (8-10),  although  one  worker 
(11)  had  earlier  reported  an  increa.se  in  milk  production  with  ACTII.  lii 
intact  or  ovariectomized  virgin  rats,  injections  of  ACTH,  cortisone  or 
hydrocortisone  induce  mammary  growth,  initiate  milk  .secretion  and  ni- 

R(‘C(“iv(‘(l  .January  2S,  19.5.S. 

‘  Published  with  the  approval  of  the  Direetor  of  the  Miehigan  .\grieultural  Kxp'  li- 
ment  Station  as  Journal  .Vrtiele  Xo.  2202. 

*  Submitted  in  partial  fulfillment  of  requirements  for  the  Ph.I).  degree,  Miehi.  m 
State  University,  19.57.  Present  address:  Department  of  Physiology,  Colorado  Si  te 
Cniversity,  Fort  Collins,  Colorado. 
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for  the  cortisone  acetate. 
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(•  ease  the  prolactin  content  of  the  pituitary  (12,  13).  It  was  the  purpose  of 
t  le  present  experiment  to  determine  the  effects  of  cortisone  acetate  on  milk 
I  oduction  and  mammary  structure  in  the  parturient  rat. 

MATERIALS  AND  METHODS 

Two  similar  experiments  were  i)erforme(l  on  68  mature  female  albino  rats.  Onee 
])  finaney  was  established,  the  dams  were  i)laeed  in  individual  eases.  The  feedins  cups 
w  re  designed  to  make  the  dam’s  ration  inaeeessible  to  the  young.  On  the  day  of  i)ar- 
ti  ition  the  litters  were  reduced  to  7  each  in  the  first  experiment  and  to  6  each  in  the 
s(  ond  exjjeriment.  The  mothers  were  treated  in  the  first  experiment  as  follows:  1,  con- 
ti  Is.  j)hysiological  .saline  only;  2,  0.2.5  mg.  cortisone  acetate  daily;  3,  0.5  mg.  corti.sone 
ai  tate  daily;  4,  1.0  mg.  cortisone  acetate  daily.  The  groups  in  the  second  experiment 
n  eived  the  following  treatments:  1  and  2,  controls,  jdiysiological  saline;  3,  0.5  mg. 
Cl  ti.sone  acetate  daily;  4,  1.0  mg.  cortisone  acetate  daily.  .\11  injections  were  adminis- 
ti  i‘d  subcutaneously  in  0.1  cc.  volumes  for  18  days  after  parturition.  The  litters  were 
w  ighed  once  daily  and  the  dams  once  weekly  until  the  end  of  the  experiment. 

In  the  second  experiment,  hormone  injections  were  carried  on  for  an  additional  10 
(1:  vs  after  removal  of  the  young  on  the  18th  day,  in  order  to  determine  their  effects  on 
ni.anmary  involution.  Two  groui)s  of  controls  were  used  to  follow  the  normal  involu- 
tii nary  changes  of  the  mammary  glands  from  the  18th  to  28th  dajs.  The  right  inguinal 
ni  iinmary  gland  was  removed  from  each  rat  on  the  day  of  autopsy  for  histological 
c\  imination. 


RESULTS 

In  tlie  first  experiment  tiie  cortisone-treated  dams  (Groups  2,  3,  4) 
showed  significant  losses  in  body  weiglit  during  the  experimental  period, 
wiiich  were  related  to  the  dose  of  cortisone  acetate  injected  (Table  1).  In 
contrast,  the  average  body  weight  of  the  controls  (Group  1)  remained 
about  the  same  during  the  experimental  period.  The  adrenal  weights  of  all 


Table  1.  Efkects  of  cortiso.ve  ox  body  a.xd  adrenal  weights  of 


DA  .MS 

AXD  ox  BODY 

WEIGHTS  OF  LITTERS  (C 

'arworth  rats) 

rrouj)  and  treatment 

.\v.  dam  wt. 
parturition, 
gm. 

at  .\v.  dam  wt.  at 
,  18  days  post¬ 

partum,  gm. 

.\v.  adrenal 
weight,  mg. 

.\v.  litter  wt.  at 
18  days  post¬ 
partum,  gm. 

Uontrols  (9)* 

Saline  Daily 

244.5 

2.19.5 

63 . 1 

171 .2 

±7. Of 

±3.4 

±  1  .3 

±4.8 

Cortisone  (8) 

0.25  mg.  Dailv 

262.6 

240.8 

47.8 

168.3 

±6.5 

±5.6 

±2.1 

±4.3 

Cortisone  (7) 

0.5  mg.  Daily 

269.6 

250.0 

52.5 

216.0 

±4.2 

±9.9 

±2.5 

±4.9 

Cortisone  (6) 

1 .0  mg.  Daily 

260 . 1 

214.6 

45.0 

183.8 

±7.7 

±8.1 

±2.4 

±3.9 

*  Number  of  rats  per  group, 
t  Standard  error  of  mean. 
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the  rats  receiving?  eortisoiie  acetate  were  decreased  as  compared  to  the  co  - 
trols.  Tlie  avera^o  litter  wei^lit  fiaiii  was  the  same  when  0.2")  m}»;.  of  corti¬ 
sone  acetate  was  pven  daily  (CJronp  2)  as  in  the  control  litters  ((Ironp  1  , 
hut  0.5  ms-  of  cortisone  acetate  (Clroup  8)  elicited  sif^nificantly  greati  r 
weight  gains  in  the  young.  The  average  gain  in  litter  weight  of  the  daiiis 
given  1.0  mg.  of  cortisone  daily  (Group  4)  was  only  slightly  hut  not  sig¬ 
nificantly  greater  than  in  the  control  litters,  hut  this  occurred  despite  a 
loss  of  more  than  15%  in  hody  weight  hy  the  mother  rats. 

The  results  of  the  second  experiment  are  shown  in  Table  2.  Both  do.<(s 
of  cortisone  acetate  (Groups  3  and  4)  produced  significant  increa.ses  m 
average  litter  weight  gain  over  the  control  litters  (Groups  1  and  2).  The 
inhihitory  effects  of  cortisone  acetate  on  the  hody  weights  of  the  motluT 
rats  of  this  strain  were  less  marked  than  in  the  first  experiment.  Histo¬ 
logical  examination  of  the  mammary  glands  from  the  control  rats  10  days 
after  the  young  were  removed  showed  marked  involutionary  changis 
(Fig.  1).  The  alveoli  were  collapsed  or  in  an  advanced  state  of  disintegra¬ 
tion,  and  there  was  marked  fihrosis  of  the  lohules.  Cortisone  acetate, 
particularly  when  given  at  the  1.0  mg.  level,  .significantly  inhihited  lohulc- 
alveolar  involution  (Fig.  2).  The  alveolar  epithelium  was  largely  intact, 
and  some  secretory  material  was  still  present.  These  mammary  glands 
were  comparahle  to  glands  from  control  rats  5  days  after  removal  of  the 
litters. 


DISCUSSION 

These  results  indicate  that  cortisone  acetate  can  increa.se  e.stahlishcd 
milk  yields  in  rats,  as  measured  hy  growth  increment  of  their  litters,  and 
can  also  partially  prevent  mammary  involution  after  the  young  are  re¬ 
moved.  This  is  in  contrast  to  the  inhihitory  effects  reported  with  ACTH  or 

Tabi.k  2.  Kkke<'ts  <»k  cortisone  ox  body  weioiit  ok  bams  and  litters  (.M.S.U.  rats) 


Av.  (lam  wt.  at  .\v.  dam  \vt.  at  .\v.  dam  \vt.  at  .\v.  litter  \vt.  at 


Oroiip  and  treatment 

parturition, 

gm. 

18  days  post¬ 
partum,  gm. 

28  days  post¬ 
partum,  gm. 

18  days  jiost- 
partum,  gm. 

1.  (\>ntrols  (9)* 

Saline  Daily 

2ti2.2 

25:i.t) 

i:t7.o 

±5.0t 

±5.4 

±2.0 

2.  Controls  (8) 

Saline  Daily 

2:i7.8 

2:i9 . 7 

142.5 

±7.7 

±7.5 

±7.1 

±2.8 

C'ortisone  (8) 

t)..'>  niK.  Daily 

2.52.0 

242.0 

2:i8 . 1 

I72.:i 

±7.9 

±5.() 

±0.0 

±4.0 

4.  Corti.sone  (8) 

1 .0  mg.  Daily 

247.0 

220.8 

222 . 1 

io:i.7 

±7.4 

±  7  ..5 

±0.4 

±4.1 

*  Numher  of  rats  p«‘r  Rroiip. 
t  Standard  error  of  mean. 
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glucocorticoids  on  established  lactation  in  cattle  (8-10),  but  is  in  agreenu  it 
with  results  reported  in  rats  (12,  13).  We  have  previously  found  that  i  i- 
jections  of  100  mg.  of  cortisone  acetate  daily  into  lactating  goats  failed  o 
depress  milk  yields  (unpublished  results).  Dosage  factors  as  well  as  spec, os 
differences  may  account  for  the  contradictory  actions  of  these  substaiucs 
on  lactation  in  the  cow  and  rat. 

There  is  evidence  that  the  suckling  .stimulus  during  lactation  induces  ic- 
lease  of  oxytocin  (14-10),  prolactin  (17,  18)  and  ACTH  (0,  7)  from  the 
pituitary.  It  has  also  been  reported  that  injections  of  prolactin  (19,  20)  or 
oxytocin  (20,  21)  to  lactating  mother  rats  after  removal  of  their  litters  in¬ 
hibit  involutionary  changes  in  the  mammary  glands,  and  it  has  l)ee!i  sug¬ 
gested  that  oxytocin  induces  release  of  ACTH  (22)  and  prolactin  (21,  23) 
from  the  anterior  pituitary.  Oxytocin  injections,  however,  have  not  been 
show  to  alter  pituitary  prolactin  content  in  rats  (18,  24).  The  present  find¬ 
ings  are  believed  to  con.stitute  additional  evidence  that  the  adrenal  cortical 
hormones  are  important  for  the  maintenance  of  milk  secretion  and  mam¬ 
mary  structure  after  parturition  in  the  rat. 
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A  NON-STKROIDAL  ESTROGEN  ANTAGONIST  \-{p-2- 
DIETHYLAMINOETHOXYPHENYL)-l-PHENYL- 
2-p-METHOXYPHENYL  ETHANOL 
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AM)  CHARLES  R.  THOMPSON'^ 

Scientific  Division,  The  H'w.  .S'.  Merrell  Co.,  Cincinnati  15,  Ohio 

ABSTRACT 

MER-2.5,  l-(p-2-I)icthylamin()eth()xyi)h(‘nyl)-l-plienyl-2-/>-inctlu).\yphoiiyl 
ethanol,  blocks  the  response  of  estro{;en  target  organs  to  the  stimulating  action 
of  estrogens.  The  estrogen  antagonism  activity  of  MF.R-25  has  been  demon¬ 
strated  in  intact  and  castrate  rats,  mice  and  monkeys  and  in  chicks  and  rabbits. 

The  estrogen  target  organs  emi)loyed  for  the  measununent  of  the  estrogen 
antagonism  activity  of  MER-25  were  the  uterus,  vagina  and  pituitaries  in  the 
mammals,  and  the  oviduct  in  chicks.  .\n  additional  endpoint  emplo3  ed  was  the 
chick  plasma  phospholipids.  This  drug  antagonizes  the  activity  of  both  endog¬ 
enous  and  exogenous  estrogens  and  steroidal  and  non-steroidal  estrogens.  The 
pituitaries  of  rats  administered  MER-25  were  smaller  than  tho.se  of  control  ani¬ 
mals  and  it  prevented  estrogen  and  castration  imlueed  pituitary  hypertrophy. 
Weak  gonadotrophin  inhibition  was  evident  in  the  treated  male  rat  and  in  para¬ 
biotic  female  rats.  MPR{-25  interfered  with  normal  pn'gnanej-  in  the  rat.  Male 
offspring  of  animals  administered  the  drug  during  lactation  were  fertile  but  the 
female  offspring  were  infertile.  Studies  described  show  that  M HR-25  does  not 
have  estrogenic,  androgenic,  anti-androgenie,  progestational,  anti-progesta¬ 
tional  or  gonadotrophin-like  activities. 

INHIBITION  or  modification  of  target  organ  responses  to  estrogen  by  a 
number  of  natural  and  syntlietic  steroids  has  l)een  reported.  Tliese 
steroids  include  estrogens  (1,  2),  progestational  sub.stances  (3-8),  andro¬ 
gens  (3,  6,  9),  adrenal  cortical  steroids  and  corticoids  (4,  7,  9-18),  and  de- 
hydrotachysterol  (19).  Response  to  e.strogenic  .stimulation  also  can  be  im¬ 
paired  by  creating  a  dietary  deficiency  of  folic  acid  (20)  or  by  employing 
a  folic  acid  antagonist,  aminopterin  (21,  22). 

The  present  report  deals  with  a  non-steroidal  estrogen  antagonist,  1- 
(/)-2-l)iethylaminoethoxyphenyl)-l-phenyl-2-/)-methoxyphenyl  ethanol, 
MP]R-25,  which  appears  to  block  estrogenic  response  at  the  target  organ 
site. 

METHODS  AND  RESULTS 

The  mice  emplojed  in  the  following  studie.s  were  obtained  from  the  .Maxfield  Labora¬ 
tory  .\nimals  Companv,  and  the  rats  wen*  obtained  from  the  Rolfsmeyer  Rat  Company 

Received  .lanuarj'  28,  1958. 

*  Pre.sent  Address:  The  Squibb  Institute  for  Medical  Research,  New  Brunswick, 
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aii<l  Haiiiiltoii  Laboratory  Animals,  Inc.  Tlu'.sc  animals  were  i)rovi(lc(l  with  comim'i  ial 
rations  aiul  water  ad  libitum.  I'nless  otherwise  indieated.  MKR-2o  was  administi  ed 
as  a  solution  or  suspension  of  the  free  base  in  olive  oil. 

rterine  Response  in  Immature  Mice.  Intaet  and  castrate  immatun*  mice  weijjh 
()-S  gm.  w(‘re  emi)loy(‘d.  In  tlu*  studies  in  castrat(*  animals,  the  mice  were  ovariectomi  .ed 
one  day  before  starting  the  expt'riment.  MKR-2.5  was  administered  subcutaneoi.dy 
twic(*  daily  for  three  days  to  dose  groups  of  five  animals  each,  alone  and  in  eombinatioii 
with  an  e.strogen,  testosterone  propionat(‘,  progesterone  or  pregnant  mare  .serum.  '1  lie 
volum*'  per  injection  for  the  (dive  oil  solution  or  suspension  of  each  of  tlu'se  comixninds 
was  0.0.5  ee.  The  animals  were  sacrificed  17-20  hours  following  the  last  injection.  The 
amount  of  fluid  in  the  uteri  was  (‘stimated,  the  uteri  were  removed,  fluid  expressed.  ;itid 
the  uteri  were  weighed  on  a  Roller-Smith  balance. 

rteriiie  responses  to  tlie  suheutaneous  admini.stration  of  MEH-2.”)  are 
summarized  in  Tal)le  1.  MER-2.5  did  not  eause  any  uterine  response  in 
either  east  rate  or  intaet  miee  in  total  doses  of  .5  mg.  Total  doses  of  1  mg. 


Tabi.e  1.  Tterixe  response  to  .MKH-2.'}  in  immatcre  mice 


('ompound 

Total  dose 

No.  of  mice 

Uterus  wt.,  mg.  Inti 

•auterine  fl  lid* 

Intact  mice 

Control 

- - 

37 

7+0.3t 

37  N 

Kstradiol 

0.3  mK- 

37 

39  +  1  .8 

36F,  IP 

.MKR-2.5 

5.0  mg. 

38 

8+0.3 

38  N 

.MKH-2.5 

1  .0  mg. 

34 

11  +0.4 

IP,  33 N 

.MKH-2.5 

0.2  mg. 

25 

10+0.7 

25  X 

( )vari('ctomize(l 

mice 

C'ontrol 

— 

10 

7  +0.6 

ION 

.MKR-2.5 

5 . 0  mg. 

10 

8+0.3 

ION 

MKR-2.5 

1  .0  mg. 

10 

10+0.6 

ION 

.M  KR-2.5 

0.2  mg. 

10 

7  ±0.4 

ION 

*  F  “Tterus  distended  with  fluid. 

P  Uterus  partially  filled  with  fluid. 

X — No  intrauterine  fluid. 

Number  preceding  letter  indicates  number  of  animals, 
t  Standard  error  of  the  mean. 

produeed  a  slight  increase  in  uterine  weight  in  both  intaet  and  castrate 
animals  without  causing  any  inerea.se  in  the  amount  of  uterine  fluid.  Doses 
of  0.2  mg.  of  MER-2.0  were  .similarly  uterotrophic  in  intaet  miee  but  not  in 
ea.strate  miee.  This  increase  was  quite  small  when  compared  to  that  pro¬ 
duced  by  10  Mouse  Units  (0.3 /iS-)  of  e.stradiol.®  The  histology  of  the  utidi 
of  animals  administered  a  uterotrophic  do.se  of  MER-2.5  was  .similar  to 
that  of  control  animals  and  could  only  be  differentiated  from  uteri  of  con¬ 
trol  animals  by  size  and  weight. 

MER-25  blocked  the  uterotrophic  effect  of  estradiol.  It  prevented  b<dh 
uterine  weight  increase  and  the  fluid  increase  which  occurs  following  he 
administration  of  estradiol  (Fig.  1).  The  degree  of  antagonism  depends  »n 
the  dose  of  MER-25  and  the  do.se  of  estradiol  and  the  re.sults  indicate  (*<>  n- 
petitive  antagonism.  A  dose  of  5  mg.  of  MER-25  almost  completely  ii- 


*  Kstradiol  repr(*sent.s  ('stradiol  monobenzoate. 


UTbrflNc  WEIGHT  IN  MG. 
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0.2  1.0  SO  0.03  0.3  3.0  30-0  300.0 


TOTAL  DOSE  OF  MER-25  IN  MG.  TOTAL  DOSE  OF  ESTRADIOL  IN  ^g.  ' 

Fig.  1.  AiitaKoiiisni  by  MKIl-25  of  tlio  utcriiu'  (‘ffccts  of  estradiol  in  iminaturo  mice. 
NiimlMTs  iirecedinj?  letters  at  each  dose  point  indicate  number  of  animals  per  luminal 
fluid  grade,  and  the  letters  indicate  the  grade  (F  =  Full;  F  =  Partial;  X"  =  X"o  fluid). 

hihited  the  uterine  effeet.s  of  do.se.s  of  estradiol  up  to  100  m.u.  (3  /zg.)  and 
p.irtially  prevented  the  uterine  response  to  1000  m.u.  of  estradiol.  One 
nig.  of  MER-2o  decreased  the  uterine  weight  inerea.se  produced  hy  10 
M.u.  of  estradiol  hy  more  than  05%. 

MER-25  prevented  the  uterotrophic  activitv  of  other  steroidal  and  non- 
sieroidal  e.strogens  (Fig.  2).  Doses  of  5  mg.  of  MER-25  prevented  both 
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Fig.  2.  .\ntagonism  by  MER-2.")  of  uterotro])hie  effects  of  estrone,  (‘striol,  T.VC’F 
(chlorotrianisene)  and  diethylstilbestrol  in  immature  mice. 


LERXER,  HOLTHAES  AND  THOMPSON 


Volunu  ..i 


29.'> 


uterine  weight  inerease  and  fluid  inerease  which  occurred  following  the  a  l- 
minis'raticn  of  10  m.at.  of  estrone,  estriol,  diethylstilhestrol  and  chloi  »- 
trianisene  (TACE).  The  uterine  responses  to  these  estrogens  were  partial  y 
blocked  by  doses  of  1  mg.  of  MER-2o.  Doses  of  0.2  mg.  had  little  or  no 
effect  upon  the  uterine  response  to  the  estrogens. 

The  decreased  response  of  the  uterus  to  estrogens  when  administered  .ii 
combination  with  MER-25  is  not  caused  by  a  delay  in  response  to  the  (  >- 
trogen.  Tliis  was  demonstrated  in  immature  female  mice.  Following  the 
administration  of  a  subcutaneous  dose  of  1  mg.  of  MER-25  and  0.08  )ug.  of 
estradiol,  no  uterotrophic  activity  was  observed  even  after  five  days 
(Fig.  3). 


P’lG.  3.  .Viitagoiiism  of  a  sinp;l(‘  subcutaiu'ous  iiijoctioii  of  MER-25  to  the  utero¬ 
trophic  effect  of  a  single  subcutaneous  injection  of  estradiol  in  immature  mice. 


Results  of  experiments  with  testosterone  propionate,  progesterone,  and 
P.M.S.  (pregnant  mare  .serum)  are  summarized  in  Table  2.  The  uterine  c- 
sponse  to  testosterone  propionate  was  not  altered  by  MER-25  in  doses  ip 
to  5  mg.  The  uterine  response  to  progesterone  was  decrea.sed  by  5  mg  of 
MER-25. 

P.M.S.  induces  uterine  weight  gain  through  its  .stimulation  of  ovai  m 
secretions.  MER-25  antagonized  this  effect  at  dose  levels  similar  to  th 
ol).served  with  exogenous  estrogens.  The.se  re.sults  indicate,  therefore,  t’  at 
MER-25  is  equally  effective  against  endogenous  and  exogenous  estrog(  s. 
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Table  2.  Antagonism  by  MER-25  ok  the  i  terotrophic  activity  ok  testosterone 

PROPIONATE,  PROGESTERONE,  AND  PMS  IN  IMMATURE  KEMALE  MICE 


Treatment 

Total  dose 

Uterus  wt., 

,  mg.  Intrauterine  fluid* 

(  iiitrol 

— 

7 

5N 

y  (•:h-25 

5  mg. 

8 

t)X 

!:U-25 

1  mg. 

12 

()X 

KR-25 

0.2  mg. 

9 

5N 

T  'tosterone  proiiionate  (T.P.) 

0 .5  mg. 

19 

5X 

y  :;r-25 

5  mg. 

t-T.P. 

0.5  mg. 

18 

tiX 

.M  r;R-25 

1  mg. 

t-T.P. 

0.5  mg. 

24 

5N 

M :  ;R-25 

0.2  mg. 

lT.P. 

0.5  mg. 

20 

tiX 

P  )gestprone 

2  mg. 

17 

()X 

M  i;r-25 

5  mg. 

P  progesterone 

2  mg. 

11 

5X 

.M  i:r-25 

1  mg. 

-(-progesterone 

2  mg. 

17 

5X 

M  i:R-25 

0.2  mg. 

f  progesterone 

2  mg. 

It) 

5X 

PMSt 

20  i.u. 

31 

4P,  2X 

.m::r-25 

5  ing. 

f  PMS 

20  I.u. 

It) 

tJX 

M  I:R-25 

1  mg. 

f  PMS 

20  I.u. 

20 

IF,  51’ 

M  1:R-25 

0.2  mg. 

fPMS 

20  I.u. 

31 

4F,  IP 

'  *  See  footnote  Tatile  1. 

t  CJonadogen — Upjohn  Co.  lirand  of  pregnant  mare  serum. 

Vaginal  and  Uterine  Effects  in  Adult  Castrate  Mice.  Adult  mice  were  ovarieetomizi'd 
2-f  weeks  before  starting  the  experiment.  MER-2o,  estradiol  or  olive  oil  was  admin¬ 
istered  subeutaneously  at  8:30  a.m.  and  4:00  p.m.  of  the  initial  day  of  the  study.  Vaginal 
smears  were  made  at  48,  50,  72,  80  and  90  hours  after  the  first  injeetion.  These  smears 
were  graded  as  positive  only  if  eornified  or  nueleateil  ejiithelial  cells  were  present  in  the 
alisenee  of  leueoeytes.  Immediately  after  making  the  final  vaginal  smears,  the  animals 
were  sacrificed  and  the  uteri  removed,  luminal  fluid  expressed  and  the  uteri  were  weighed. 

MER-2.5  in  total  doses  up  to  40  mg.  did  not  produce  a  positive  estrogen 
response  in  the  vaginae  of  mice.  It  increased  uterine  weight  at  the  total 
(lo.se  of  20  mg.,  hut  this  uterotrophic  effect  was  ali.sent  when  the  total  do.se 
was  40  mg.  (Table  3). 

Vaginal  Effects  in  Adult  Castrate  Rats.  Estrogenic  and  anti-estrogenie  activities  in 
castrate  female  rats  were  determined  by  the  vaginal  smear  technique.  Groups  of  10  ani¬ 
mals  each  were  employed.  MER-25  was  administered  subeutaneously  and  orally  in  two 

Table  3.  Vaginal  and  uterine  response  in  ovariectomized  mice 


Comi)ouiKl 

Total  dose 

Xo.  of  mice 

Uterus  wt.,  mg. 

%  mi<‘e  with 
positive  response 

Control 

10 

13.7 

0 

Estradiol 

0.15  Mg. 

10 

39.(1 

100 

.MER-25 

40  mg. 

5 

15.3 

0 

MER-25 

20  mg. 

5 

24.8 

0 

MER-25 

10  mg. 

5 

— 

0 

300 


LERXKR.  HOLTH.VrS  AND  THOMPSON 


Vnlumt  !.i 


(l(ts(‘s  N  lioiirs  apart,  alone,  anil  in  combination  with  estradiol.  Estradiol  in  an  olive  lil 
solution  was  administered  in  a  sinj'le  subcutaneous  injection  at  the  time  of  tbe  first  d  n- 
of  M ICR-2.5.  Vaginal  smears  were  obtaiiu'd  oO,  (»4  and  72  hours  after  the  administraf  pii 
of  MER-2.5.  Smears  containiii}'  nucleated  or  coriiified  (“pithelial  cells  and  only  a  few  or 
no  leucocytes  w(‘re  considered  an  estrogenic  smear. 

The  vaginal  smears  of  animals  administered  MER-25  in  do.ses  up  to  >0 
mg.  orally  and  25  mg.  subcutaneously  were  of  the  castrate  type.  Estrad  ol 
in  doses  of  O.G  /xg.  and  3.5  /xg.  (approximately  2  and  10  m.u.)  cau.sed  vaginal 
cornification  in  90-100%  of  the  animals.  The  administration  of  MER-25  to 
rats  treated  with  estradiol  prevented  the  estradiol-induced  estrogenic 
vaginal  changes.  Do.ses  of  1  mg.  .subcutaneou.sly  and  2  mg.  orally  antafio- 
nized  completely  the  vaginal  responses  to  0.0  /xg. estradiol.  Vaginal  cornifica¬ 
tion  was  observed  in  1  10  of  the  animals  administered  0.0  mK-  of  estradiol 
in  conjunction  with  0.2  mg.  of  MER-25  subcutaneou.sly  or  1.0  mg.  MER-25 
orally.  Smaller  subcutaneous  or  oral  doses  of  MER-25  had  little  or  no  eflcct 
against  0.0  /xg-  of  e.stradiol.  Larger  do.ses  of  estradiol  were  effectively  an¬ 
tagonized  by  larger  doses  of  MER-25  (Tal)le  4). 

Effect  upon  Vaginal  Cornification  of  Intact  Rats.  The  effect  of  MER-25  on  the  vaginal 
e.strous  cycles  of  young  mature  ruts  was  determined  by  daily  vaginal  smears.  A  group 
of  9  rats  was  administered  MER-25  by  stomach  tube  in  doses  of  1  mg.  day  for  14  days 
and  in  doses  of  5  mg.  day  during  the  ne.\t  17  days.  A  group  of  10  rats  was  administered 
olivi*  oil  by  stomach  tube.  Five  animals  from  each  of  the  groups  were  sacriHcial  on  the 

T.\BI.E  4.  EsTRor.ENie  .\Nl)  .WTI-ESTRor.EXie  VAC.INAI.  ACTIVITY 
I.\  CA.STRATE  KEMAI.E  RATS 


1 

oil 

1  dose  of  compound 

%  rats  with 

liositive  estrogenic 

;r-i 

?5, 

mg.  Estradiol,  /ig 

response 

Subcutaneous  M ER-2.5 

.idininist  ration 

- 

- 

— 

0 

- 

- 

O.ti 

100 

— 

- 

3  -  .5 

100 

25 

— 

0 

.5 

— 

0 

1 

— 

0 

0 

2 

— 

0 

0 

04 

— 

0 

2.5 

().(> 

0 

.5 

0.0 

0 

1 

0.0 

0 

0 

2 

0.0 

10 

0 

04 

0.0 

90 

Oral  MER-25  administration 

.'0 

— 

0 

Id 

— 

0 

2 

— 

0 

.50 

0.0 

0 

10 

0.0 

0 

•> 

0.0 

0  . 

I 

0.0 

10 

0 

4 

0.0 

70 

10 

3.5 

0 

2 

3.5 

80 
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L(‘nKth  of  ronsiM'utivf  <‘yclc*s  in  days 
Kut  |>  MKK>25  troatiiu'nt  |M‘ri(Kl 


Ml  -25  treatment 
groi  » 


period  dav  Xl4  ^  "'K-  day  X17  days 

1  5-7-5  7-4-6  18  days  without  eyries  [ 

2  5  5-5-6  18  days  withutit  cycles  | 

3  13-4  7-4  24  days  without  cycles 

4  6-4-5  6-5-4  17  days  without  cycles  i 

5  5-6-4-5  6-5  22  days  without  cycles, 

6  ‘.>-6-4  6-5  16  days  without  cycles 

7  6-6-5  5-4-6  16  days  without  cycles 

8  6-4-5-5  11-3  17  days  without  cycles 


Day  of  first  post  diuK 
estrous  smear 


Animals  sacrificed  on  firs 
day  post  druK 


(t 

15-5 

6-.V6 

21  days  without  ryples 

4-4-.5-.5 

Coi.  ol  Gioup 

10 

6-5-4 

5-5-6 

4-4-5-6 1 

11 

5-7-5-4 

6-4-4 

6-.5-5 

Animal.'^  MarriHrod  on  day 

12 

11 

5-4-5-5 

6-5-4 

rorri^Mpondinf!  to  first  day 

13 

0-7 

6-5-5 

5-6-5  1 

of  post  drop  period 

14 

5-5-5 

6-4-6 

4-5-6  j 

Cy(  *  correspondinK 

1.5 

6-.5-4 

.5-5-6 

5-3-7 

4-6-.5-5 

to  ■  '  perimental  peri¬ 

16 

6-6 

4-5-5-6 

4-6 

.5-4-C-6 

od-  1  treatment  group 

17 

6-4 

5-6-4 

6-5-5 

10-12 

18 

12-4 

6-4-6 

18 

.5-5-6 

10 

6-4-5 

5-5-6 

4-6 

.'$-0-4-7 

(la.\  following  cessation  of  treatment  and  the  weights  of  various  organs  were  obtained. 
Vaginal  smears  were  obtained  from  the  remaining  animals  in  the  next  42  days.  The  ani¬ 
mals  were  then  sacrificed  and  organ  weights  were  recorded. 

The  daily  oral  administration  of  doses  of  1  mg.  of  MER-2o  did  not  inter¬ 
rupt  the  eyelieal  changes  in  the  vaginal  epithelium  (Table  .));  however, 
completely  cornified  smears  did  not  occur  during  this  period  of  drug  ad¬ 
ministration.  Increasing  the  dose  to  .5  mg.  produced  smears  devoid  of 
cornified  cells  which  lasted  until  the  drug  was  withdrawn  or  the  animals 
were  sacrificed.  Following  withdrawal  of  MER-2.5,  cyclical  changes  in  the 
vaginal  epithelium  were  established  within  two  to  six  days  in  the  four  re¬ 
maining  animals. 

Organ  weights  for  animals  sacrificed  immediately  at  the  end  of  the  drug 
period  and  for  tho.se  sacrificed  42  days  later  are  .summarized  in  Table  (>. 

The  administration  of  MER-2.5  decreased  weights  of  the  pituitary, 
uterus  and  ovaries.  Adrenal  weight  was  not  altered  by  this  drug.  Forty-two 
(lays  following  withdrawal  of  MER-2o,  the  organ  weights  of  the  treated 
animals  were  similar  to  tho.se  of  the  control  animals. 

Table  (».  Mean  body  weights  axd  ohgan  weights  ok  intact  female  rats 


Treat- 

Hotly  wt., 

Hitnitarv,  .\drenals. 

Uterus, 

( )varie.«, 

inent 

Initial 

Final 

mg. 

mg. 

Ml.l{-2.'> 

Control 

128 

126 

81  (lavs  treatment* 

206  ■  0.1  +0.8t  52.5  +  2.1 

228  18.1  ±0.8  56.4±8.1 

160±  4 

4 1 1  ±  66 

48.7±5.8 
57 . 6  ±  2 . 0 

Mi;i{-2.5 

Control 

206 

228 

42  (lavs  after  treatment 

220  ‘  11. 5  ±0.4  .58.0+2.0 

255  13.7±0.7  55.8±2.0 

426+88 
488  ±  21 

()7.4  +4.8 
60.8±2.8 

’  1  mg. /day  of  MEH-2.5  for  14  days  followed  by  5  ing./day  of  MEH-2.5  for  17  day.s. 
.Ml  organ  weights  expressed  as  Mean  ±  standard  error. 
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Effect  upon  Pregnancy.  Time  of  mating  of  rats  was  determined  l)y  the  presem  of 
sperm  in  daily  vaginal  smears.  MER-25  was  administered  orall}’  in  daily  doses  <>  25 
mg.  kg.  from  daj'  one  to  days  23-25,  from  day  13  to  days  21-20,  and  from  days  4  thn  igh 
7  following  mating.  Control  animals  were  administered  olive  oil  in  the  same  man  ut. 
Food  eonsurnption  and  body  weight  changes  were  recorded.  If  parturition  occurred  the 
condition  of  the  pups  was  noted.  .Vnimals  failing  to  deliver  litters  were  autopsied  af  the 
ai)pro.\imate  time  for  parturition.  In  the  experiment  in  which  MER-25  was  administ<  ivd 
from  days  4  through  7  following  mating,  the  animals  were  sacrificed  on  day  12. 

Nine  of  12  control  rats  in  the  study  admini.stered  placel)os  from  day  tuie 
of  pregnancy,  and  9  of  11  control  rats  in  the  study  administered  placel)os 
from  day  13  of  pregnancy  bore  normal  litters.  The  day  of  parturition 
ranged  fiom  22-25  days  with  an  average  of  24  days. 

None  of  12  rats  administered  25  mg.  kg.  day  of  MER-25,  beginning 
with  the  first  day  after  finding  sperm  in  the  vagina,  bore  litters.  These  rats 
gained  little  or  no  weight  as  compared  to  the  average  weight  increase  of 
59  gm.  for  the  control  animals  during  the  gestation  period  (Fig.  4).  Tlie 
animals  administered  MER-25  were  autopsied  22-25  days  following  mat¬ 
ing.  No  fetus  was  found  in  the  uteri.  However,  hemorrhagic  areas,  which 
may  have  been  implantation  sites  were  ob.served  in  the  uteri  of  one-half  of 
the  animals. 

Ten  of  11  rats  admini.stered  MER-25  in  daily  doses  of  25  mg.  kg.  begin¬ 
ning  with  day  13  of  pregnancy  gave  birth  to  young.  The  day  of  parturition 
ranged  from  21-20  days  with  an  average  of  23  days.  Delivery  was  j)ro- 
longed,  bleeding  through  the  vagina  being  observed  from  2-4  days  prior  to 
parturition  as  compared  to  one  day  for  the  controls.  Many  of  the  pups  were 
dead  at  birth.  Several  of  the  rats  bore  one  or  more  live  pups;  however,  none 
survived  for  more  than  three  days.  The  uterus  of  one  rat  which  died  after 
bleeding  for  three  days  contained  9  well  developed  pups.  The  food  con¬ 
sumption  of  all  rats  admini.stered  MER-25,  beginning  with  the  13th  day  of 
pregnancy,  decrea.sed  rather  severely  (Fig.  4)  and  the  body  weight  gain 
was  le.ss  than  that  for  the  controls  (Fig.  4).  None  of  the  nine  rats  adminis- 
teres  MER-25  on  days  4-7  post  mating  were  pregnant  or  had  implantation 
.'<ites  when  autopsied  on  day  12.  Four  of  the  7  control  animals  had  pregnant 
uteri.  Two  of  the  3  control  rats  which  were  not  pregnant  had  reproductive 
tract  pathology. 

Effect  upon  Lactating  Rata  and  Xursing  Pups.  Two  groups  of  eight  nits  each,  were  em¬ 
ployed.  The  litters  were  reduced  to  six  pups  on  the  day  of  parturition  except  for  two  rats 
each  wliich  had  only  four  pups.  One  of  the  groups  containing  the  two  mothers  with  lour 
l)ups  each  was  administered  25  mg.,  kg.  of  MER-25  by  stomach  tube  for  22  da3's  h'  gin¬ 
ning  on  the  da\'  of  parturition.  The  other  group  served  as  a  control  and  was  administered 
similar  volumes  of  olive  oil.  Hod.v  weight  and  food  intake  of  the  mothers  and  body 
weight  gain  of  the  pups  were  recorded.  Male  and  female  offspring  of  the  control  and 
MER-25  groups  were  mated  within  their  own  groups  and  other  offspring  of  the  two 
groups  were  cross-mated  at  an  age  of  132-145  days. 

Daily  oral  administration  of  25  mg.  kg.  of  MER-25  lowered  the  fooii  in- 
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DAYS  AFTER  MATING 

Fig.  4.  Ujiper — ICoOj-  weight  gain  of  female  rats  reeeiving  MER-25  (25  mg.  kg. 'day, 
orally)  starting  on  the  first  day  post  mating. 

Middle  and  lower — Body  weight  gain  and  food  consumption  of  female  rats  reeeiving 
.MER-25  (25  mg.  kg. /day,  orally)  starting  on  day  13  post  mating. 


take  as  compared  to  controls  (Fig.  5).  The  l)ody  weight  of  the  mothers 
first  decreased  but  after  five  days  increased  to  that  of  the  controls  and 
reached  the  average  control  weight  by  the  16th  day,  even  though  the  food 
intake  remained  at  a  lower  level.  The  pups  of  the  mothers  administered 
MER-25  gained  less  weight  than  the  pups  of  the  control  animals.  It  is  not 
known  if  this  is  a  direct  effect  of  MER-25  on  lactation  or  if  it  is  the  re.sult 
of  the  lowered  food  intake  of  the  mothers,  or  if  the  drug  or  a  metabolite  is 
pns.sing  to  the  pups  through  the  milk. 

During  the  experiment,  there  were  nine  deaths  in  litters  of  MER-25- 
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Fig.  5.  Upper  ami  middle — Food  consumption  and  body  weifjlit  gain  of  laetatiiifj  vats 
receiving  MKR-25  (25  mf;./ks./day,  orally)  startiiiK  on  the  day  of  parturition. 

Lower — Rody  weight  gain  of  nursing  offspring  of  female  rats  receiving  MFR-25  (2.i 
mg.,  kg.,  day,  orally)  starting  on  the  day  of  parturition. 

treated  mothers,  and  eight  deaths  in  the  litters  of  the  control  animals. 

At  the  approximate  age  of  140  days  the  male  and  female  offspring  of 
control  mothers  weighed  10-20%  more  than  the  corresponding  offspring! 
of  AIER-2o-treated  mothers.  iMatings  of  control  female  offspring  to  » on- 
trol  male  offspring  or  to  male  offspring  of  MER-2o-treated  mothers  resni'ed 
in  pregnancy  and  normal  parturition  in  8  of  the  9  rats.  The  ninth  fen  ale 


S(  ‘tcwber,  lf)5S 


EST  R  OG  E  X  A  X  T AGO  X 1 8T 


305 


(lit  (1  on  the  23rd  day  of  gestation  and  well  formed  pups  were  found  in  utcro. 

There  were  no  pregnancies  among  the  14  female  offspring  of  MER-2o- 
tnated  mothers  although  all  of  these  animals  copulated.  Three  of  these 
ru  '  had  one  or  more  apparent  implantation  sites. 

terine  Effects  in  Immature  Rabbits.  The  MePhail  teehni(jue  (23)  was  employed  to 
de  inline  proKestational  and  anti-progestational  activities.  Dose  groups  of  five  animals 
eu'  1  were  emploj’cd.  The  rabbits  were  administered  three  intramuscular  injections  of  5 
gg  )f  estradiol  on  alternate  days.  They  then  received  five  dail}'  intramuscular  injections 
of  rogesterone,  MER-25  and  a  combination  of  progesterone  and  MER-25. 

I'he  McPhail  imdhod  was  also  employed  to  determine  if  MER-25  would  sensitize  tin* 
uti  us  to  progesterone  and  if  it  would  inhibit  the  estrogenic  sensitization  of  the  uterus 
to  rogesterone.  Dose  groups  of  six  immature  rabbits  were  injected  daily  intramuscularly 
wiin  0.15  mg.  of  progesterone  for  five  days  starting  on  the  seventh  day  of  the  study.  Two 
gri  ijis  were  primed  with  total  doses  of  5gg.  of  estradiol  I.M.,  and  two  were  primed  with 
tot  1  doses  of  15 /ig.  of  estradiol  I.M.  This  estrogen  was  administi'red  on  days  1,  3  and  5 
of  he  study.  Two  groups  received  no  estradiol  at  all.  One  of  these  served  as  a  control 
aiiu  was  given  olive  oil  in  place  of  the  estrogen  and  the  second  group  was  administi'red 
10(i  mg.  of  MER-25  daily  for  the  first  six  days  of  the  experiment.  One  of  the  groups  re- 
cei.ing  the  5  pg.  dose  of  estradiol  and  one  of  the  groujis  receiving  the  15  gg.  dose  of 
estiadiol  were  injected  I.M.  with  100  mg.  of  MER-25  per  day  for  eleven  days  starting 
witli  the  first  day  of  the  experiment. 

I’terine  weight  and  histology  of  rabbits  receiving  a  total  dose  of  .^00  mg. 
of  MER-25  demonstrate  that  this  compound  does  not  have  progestational 
activity  and  does  not  inhibit  the  progestational  activity  of  progesterone 
(Table?). 


Tabi.e  7.  Prooestationai.  and  axti-prooestatioxai.  activity  i.\  rabbits 


I’re-treatment 
(primingl — total  dose 

Treatment  total  dose 

Uterine  wt.. 
gm. 

Uterine 

histology* 

_ 

0.20 

4X 

— 

Progesterone,  0.75  mg. 

0.2!) 

2L,  IX 

Estradiol,  15  mK- 

— 

1 .53 

IIL 

Estradiol,  15  /ig. 

Progesterone,  0.75  mg. 

2.03 

1411 

Estradiol,  15  /ig. 

MEH-25,  500  mg. 

1  .42 

5L 

Estradiol,  15  /ig. 

I’rogesterone,  0.75  mg.\ 
MER-25,  500  mg.  / 

3.25 

5II 

*  H — Typical  progestational  uterus. 

M — High  columnar  type  endometrium  with  primary  invagination;  moderate  glandular 
proliferation;  diffuse  stroma. 

I. —  Thickening  of  endometrium  but  only  slight  invagination;  “flattened  glands”  (nar¬ 
row  lumen);  stroma  compact.  This  type  exemplified  by  estrogenic  stimulation. 

X — Xo  stimulation  -  control  type — non-primed. 

Xumber  preceding  tetter  indicates  number  of  animals. 

MER-25  for  practical  purposes  was  ineffective  as  a  uterine  priming 
agi'iit  in  total  doses  of  1100  mg.  (Table  8).  This  amount  of  AIER-25  was 
large  enough  to  block  the  uterine  priming  activity  of  5  pg.  of  estradiol  and 
was  able  in  50%  of  the  animals  to  prevent  partially  the  uterine  priming 
aclion  of  15  pg.  of  estradiol. 
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Table  8.  Eterine  sensitization  and  estrooen  antagonism  in  rabbits 


Treatment* 

Eterine  wt.,  gm. 

Eterine  histoloi 

Control 

Estradiol,  .5Mg.  on  davs  1,  3 

I,  and  5 

0.  It) 

2.51 

OX 

511 

Estradiol,  l.()7  /ig.  on  davs 

1,  3,  and  5 

2.03 

511,  l.M 

MEH-25,  IIM)  mg.  on  davs 

1  through  II 

0..58 

IM,  2b,  3N’ 

MER-25,  100  mg.  on  davs 

1  through  1 1 

311,  3M 

Estradiol,  5  mK-  on  davs  1, 

3,  and  5 

MER-25,  10()  mg.  on  days 

1  through  11 

0.83 

3M,  lb,  2N 

Estradiol,  1.07  /«g.  on  days 

1,  3,  and  5 

*  All  grou|)s  administered  0.15  mg.  progesterone  on  days  7  through  II. 
t  See  footnote  Table  7. 


Ejfects  in  Baby  Chicks,  (iroups  of  eight  seven-day  old  ehieks  were  injeeted  subeiitaiie- 
ously  twiee  daily  for  six  days  with  MER-25,  estradiol  and  a  eoinhination  of  both  com¬ 
pounds.  The  birds  were  sacrificed  on  the  seventh  day,  and  the  oviducts  were  weigheil  and 
the  plasma  phositholipid  levels  were  determined  (24,  25). 

Estradiol  elevated  the  level  of  plasma  phospholipids  by  100%  and  the 
weights  of  the  oviducts  by  approximately  1500%.  MER-25  by  it.self  had 
no  effect  upon  phospholipids  or  oviduct  weight.  The  compound,  however, 
completely  prevented  the  estrogen  intluced  phospholipid  elevation  and  in¬ 
hibited  approximately  65%  of  the  estrogen  induced  oviduct  weight  in- 
crea.se.  The  daily  dose  of  3  mg.  of  MER-25  was  as  effective  as  the  daily 
dose  of  30  mg.  in  preventing  the  effects  of  0.1  mg.  of  estradiol  (Table  0). 

Effect  upon  Intact  .Male  Rats.  MER-25  was  administered  once  a  day  by  stomach  tube 
to  young  mature  rats  alone  and  in  combination  with  estradiol.  Dose  groups  of  ten  ani¬ 
mals  each  were  employed.  Estradiol  was  administered  subcutaneously  once  a  day  in 
doses  of  10  Rat  Enits  (3.5  mkO-  the  first  experiment,  MER-25  was  administered  in 
dailj’  doses  of  10  mg.  and  in  the  si'cond  experiment,  it  was  administered  in  daily  doses  of 
1.0  and  0.2  mg.  The  animals  were  sacrificed  after  31-33  days  of  drug  administration.  The 
pituitaries  were  removi'd,  weighed,  mascerated  and  suspended  in  water  in  preparation 
for  gonadotrophin  determinations.  The  pituitaries  from  animals  in  each  dose  group  in 
the  second  experiment  were  pooled  before  macerating.  In  the  first  experiment,  the 
pituitaries  were  not  pooled.  Twenty-one-day-old  rats  were  emjjloyed  for  the  gonadotro- 
jihin  assays.  Each  as.say  animal  was  administered  subcutaneously  either  one  pituitary  or 
the  eijuivalent  of  one  jjituitary  in  five  or  six  doses,  two  doses  per  day  for  two  days,  and 


Table  !).  Estrogen  antagonism  in  chicks 


Treatment 

Dailv  dose 

Body  wt., 

,  gm. 

Oviduct,  mg. 

Plasma 

jihospliii- 

Initial 

Final 

lipids,  1111.'.% 

Control 

— 

5(1 

03 

11 

237 

Estradiol 

0 . 1  mg. 

51 

84 

100 

45s 

MER-25 

3  mg. 

54 

88 

11 

25- 

MER-25 

30  mg. 

57 

72 

.8 

247 

MER-25 

Estradiol 

3  mg. 

0. 1  mg. 

51 

80 

01 

270 

MER-25 

Estradiol 

30  mg.  i 

0 . 1  mg. 

52 

t>3 

01 

240 

/ 
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oif  (>r  one  or  two  doses  on  the  third  day.  Tlie  rats  were  saerifieed  9(5  liours  after  tin'  first 
tie  and  the  uteri  and  ovaries  wen*  reinovi'd  and  weighed. 

Pituitary  seetions  from  rats  administered  MER-25  in  doses  of  10  mg.  and  from  rats 
ad  unistered  10  R.u.  estradiol  were  stained  with  Goniori’s  aldehyde-fuehsin  (2(5)  and  hy 
till  periodie  aeid-Sehiff  method. 

viiimals  administered  10  r.u.  of  estradiol  per  day  gained  less  weiglit 
th  n  the  control  animals.  MER-25,  in  do.ses  of  10  mg.  per  day,  decrea.sed 
th  rate  of  !)ody  weight  gain,  hut  the  decrease  was  considerably  less  than 
i  th  t  cau.sed  hy  estradiol.  Body  weight  gain  for  rats  administered  1.0  and 
O.L  mg.  of  MER-25  daily  was  similar  to  that  of  the  control  animals. 

i'he  daily  administration  of  e.stradiol,  as  is  typical  with  estrogens,  in- 
cn  ased  the  weights  of  the  adrenals  and  pituitaries  and  decreased  weights 
of  he  seminal  vesicles,  ventral  prostate  and  testes.  This  lowering  in  weight 
of  he  reproductive  organs  hy  estrogens  results  from  a  decreased  amount  of 
pidiitary  gonadotrophins  (20).  The  ovarian  and  uterine  weights  of  assay 
aiiiinals  admini.stered  the  equivalent  of  one  pituitary  from  the  estradiol- 
tn  ated  animals  were  similar  to  tho.se  of  the  saline  recipient  controls. 

\IER-25  did  not  alter  the  weights  of  the  adrenals  of  the  rats.  Slight 
changes  occurred  in  the  pituitary  weights  hut  this  may  he  related  to 
changes  in  body  weight.  The  reproductive  organs  of  rats  administered 
daily  doses  of  10  mg.  and  1  mg.  of  MER-25  weighed  less  than  those  of  the 
controls.  The  effect  on  the  reproductive  organs,  however,  was  much 
smaller  than  that  of  estradiol.  MER-25  in  doses  of  0.2  mg.  per  day  did  not 
alter  organ  weights.  Even  though  the  weights  of  the  reproductive  organs  of 
the  animals  administered  doses  of  1  mg.  and  10  mg.  of  MER-25  were 
slightly  less  than  tho.se  of  the  controls,  the  gonadotrophin  content  of  the 
pituitaries  was  similar  to  that  of  the  control  animals. 

d'he  administration  of  MER-25  in  daily  oral  do.ses  of  10  mg.  and  1  mg.  in 
combination  with  estradiol  prevented  the  estrogen-induced  pituitary 
h>  pertrophy.  It  did  not  alter  the  re.spon.se  of  the  adrenals  and  the  repro¬ 
ductive  organs  to  the  e.strogen  nor  did  it  prevent  lowering  of  pituitary 
gonadotrophins.  The  0.2  mg.  daily  doses  of  MER-25  had  no  effect  upon 
estradiol-induced  changes  in  the  rat  (Table  10). 


Table  10.  Intact  male 

RATS  TREATED 

FOR  81  TO  8: 

8  DAYS 

Mean  organ  w 

•eights 

Assay  of 

Truatiiient  Daily  dose 

Body  wt 

•  «  Riti- 

No. 

of 

rats 

Seminal  Ventral 

Pitui¬ 

tary, 

mg. 

pituitaries 

Initial 

Final 

Adrenals 

niK' 

i  vesi¬ 
cles. 
niR. 

pros¬ 

tate, 

niK. 

Testes, 

n»K. 

Ovaries, 

niR. 

Uterus, 

niK. 

Coittrol 

14!) 

286 

20 

37,3 

244 

324 

3201 

!).l 

83 

!)1 

Enttudiol 

.1 . 5  Ilf’. 

150 

211 

20 

.52.4 

.36 

20 

10.33 

14.5 

15 

36 

MH{-25 

10  111^. 

144 

243 

8 

.38.2 

155 

133 

2!)!)2 

7.2 

81 

!)6 

■Ml  R-25 

1  IMK. 

154 

284 

9 

37.8 

212 

24!) 

2999 

8.7 

78 

10.3 

-Ml  R-2.5 

0.2  III)!. 

155 

2!)4 

10 

.36.0 

263 

34!) 

3318 

!).4 

83 

0.3 

Ml  K-2.5 
Est'iidiol 

10  IiiK. 

}  147 

214 

9 

51.2 

22 

17 

!)04 

7.6 

17 

62 

Ml  K-25 
Khi  tidiol 

1  niR. 

•1 . 5  Ilf.. 

j  1.54 

199 

9 

44.8 

29 

15 

670 

10.4 

13 

33 

Ml  l{-25 
(•jit  adiol 

0.2  iiifc. 
3 . 5  fxf'. 

}  1.55 

213 

10 

48.8 

3!) 

23 

!)84 

14.!) 

13 

42 

Recipient  controls  (saline  injected) 

14 

36 

h 
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Even  though  AIER-25  did  not  prevent  the  lowering  of  pituitary  gonat  )- 
trophins  by  estradiol,  the  cytology  of  the  pituitaries  from  animals  ;  U 
ministered  10  mg.  doses  of  MER-25  in  combination  with  10  r.u.  of  estM- 
diol  could  not  be  differentiated  from  those  of  normal  animals  (Fig,  0  a  id 
7).  The  gonadotrophs  were  well  granulated  and  appeared  normal.  In  C(  ii- 


Fig.  ().  Rat  pituitaries — aldehyde-fuelisin  (Gomori)  X30.  (A)  Terminal  enn  ro! 
(11)  MKR-25,  10  mg.  day,  (C)  Estradiol,  3.5  /xg./day,  (D)  MER-25,  10  mg.  !a\ 
-p Estradiol,  3.5  gg.  dav. 


tiMst  to  this,  tlie  pituitary  gonadotrophs  of  animals  administered  estradiol 
al me  were  completely  degranulated  (Fig.  7C). 

liffect  of  Castrate  Male  Rats.  Rats  wore  castrated  on  tlic  day  heforo  tlic  start  of  drujf 
a(i  ninistration.  Ten  animals  were  administered  10  ms.  day  of  MKU-2.T  by  the  dru}>;  diet 


Fig.  7.  Rat  pituitaries — aidehyde-fuehsin  (Gomori)  and  R.\.S  X4()().  (A)  Terminal 
eoi'trol,  (H)  .MER-2o,  10  mg. /day,  (C)  Estradiol,  3.5  /ag-  'day,  (D)  MER-25,  10  mg. /day 
+  istradiol,  3.5  /ig-,  day. 
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T.\BLE  11.  M.M.E  R.\TS  TKE.\TEI)  FOR  30  I>.\Y.S 

Volume  >>■ 

Treatment 

Body  wt.,  gm. 

Initial  Final 

Pituitary,  .\dretials, 
mg.  mg. 

Seminal 

vesicles, 

mg. 

Ventral 

prostate. 

mg. 

Intact-control 

145  2(»0 

7.4 +0.2*  32.7+0.1) 

248.0 

320.0 

Castrate-control 

138  255 

12.G±0.4  41.2±1.3 

18.2 

14.1) 

Castrate-M  ER-25, 

10  mg./ 

(lay 

144  l'.»2 

8.(i±0.4  43.2±1.3 

10.0 

14.2 

*  Mean  ±  standard  error. 


method.  A  similar  castrate  groui)  intact  control  sroup  were  fed  a  standard  diet. 

The  animals  were  sacrificed  after  thirty  days  of  treatment,  and  bod}-  and  organ  weight  ^ 
were  recorded. 

(Jroups  of  10  immature,  castrate,  male  rats  were  administered  50  and  100  mg.  kg.  »la\ 
of  MER-25  subcutaneouslj-  alone  or  in  combination  with  1  mg./kg.  \lay  of  testosterone 
projjionate  in  olive  oil  for  7  days.  Control  groups  received  testosterone  propionate  or 
olive  oil.  The  animals  were  sacrificed  on  the  eighth  day  and  the  .seminal  vesicles,  and 
ventral  prostate  were  removed  and  weighed. 

MER-25  (10  mg. /day)  decreased  body  weight  gain  of  the  rats  (Table  11). 
This  dose  did  not  prev'ent  the  decrease  in  weight  of  the  seminal  vesicles  and 
ventral  prostate  which  follow  castration.  MER-25,  however,  did  prevent 
the  castration  hypertrophy  of  the  pituitaries.  MER-25  is  not  androgenic  as 
evidenced  by  its  failure  to  increase  the  seminal  vesicle  and  ventral  prostate 
weight  in  the  castrate  animal  (Table  11).  MER-25  in  subcutaneous  doses 
up  to  100  mg.  kg.  day  did  not  antagonize  the  seminal  vesicle  and  ventral 
prostate  weight  gain,  induced  by  1  mg.  kg.  day  of  testosterone  propionate. 

Activity  in  Parabiotic  Female  Rats.  The  gonadotrophin  inhibitorj-  activity  of  MKR-25 
was  compared  to  that  of  estradiol  in  parabiotic,  immature  female  litter  mate  rats  by  the 
method  of  Ryrnes  and  Meyer  (27).  MER-25  or  estradiol  was  injected  subcutaneously  for 
ten  days  to  the  ovariectomized  parabiotic  partner.  The  animals  were  sacrificed  on  the 
«‘leventh  day,  and  the  ovaries  and  the  uteri  were  removed  and  weighed. 

MER-25  is  a  weak  gonadotrophin  inhibitor  as  indicated  by  the  ovarian 
and  uterine  weights  of  the  intact  partner  (Table  12).  The  pituitary  gonado¬ 
trophins  of  the  castrate  partner  were  inhibited  by  daily  doses  of  10  mg. 


T.\bi.e  12 

.  (loNADOTROPHIN 

I.NHIBITIO.X  i: 

X  PAR.ABIOTIC  RATS 

Treatment 

Daily  do.se 

No.  of 
pairs 

Body 

Initial 

wt.,  Rm. 

Final 

Intact  partner 

Ovaries,  Uterus, 
mg.  mg. 

( Ivarie 
tomizi 
part  IP 
uteru 
mg. 

Control 

— 

24 

155 

11)8 

120 

143 

37 

MEU-25 

10  mg. 

5 

165 

216 

36 

74 

47 

MER-25 

1  mg. 

8 

160 

214 

63 

128 

41) 

MER-25 

0.1  mg. 

5 

160 

210 

127 

143 

54 

Estradiol 

0.1  MR. 

3 

— 

212 

26 

75 

122 

Estradiol 

0.015  mK- 

5 

155 

11)3 

32 

142 

46 

Estradiol 

0.(M)5mR. 

2 

145 

187 

20 

1)5 

26 

Estradiol 

C.OOl  MR. 

4 

150 

191) 

56 

121 

41 
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iiul  partially  inliihited  by  daily  doses  of  1  ing.  Comparable  doses  of  estra- 
!iol  to  produce  complete  and  partial  inhibition  of  the  gonadotrophins  are 
i'.OO.j  pg.  and  0.001  pg.,  respectively. 

Acute  Toxicity  in  Mice.  Mire  weighing  14-20  gin.  were  employed.  MEU-25  was  ad- 
linistered  orally  and  subcutaneously,  and  an  aqueous  solution  of  the  corresponding 
trate  salt  was  administered  intravenously.  The  animals  were  uiuler  observation  up  to 
veil  days  post  injection. 

Subcutaneous  doses  in  oil  up  to  3000  mg.  kg.  did  not  cause  any  signs  of 
1  ixicity  during  a  .seven  day  ob.servation  period.  In  oil  .su.spension,  the 
;  cute  oral  LDsn  was  1700  ±130  mg.  kg.  With  the  citrate  salt  administered 
i  itravenously  in  saline,  the  LD50  was  105  ±lo  mg.  kg.  Deaths  occurred 
ithin  48  hours  following  oral  administration,  and  from  2-20  minutes  fol- 
1  iwing  intravenous  admini.stration.  Prior  to  death,  the  animals  were  de- 
1  ressed. 

Subcitronic  Toxicity  Study  in  Rats.  Eight  groups  of  eight  female  rats  and  eight  groups 
i.i  eight  male  rats  weighing  12.5-140  gm.  each  were  emjiloyed.  Two  groups  of  males  and 
two  groups  of  females  served  as  controls.  One  group  of  male  controls  and  one  group  of 
female  controls  were  administered  olive  oil  by  stomach  tube  and  the  other  control  groups 
were  administered  olive  oil  subcutaneously  in  volumes  similar  to  those  employed  for  drug 
administration.  The  other  groups  of  animals  were  administered  MER-2.5  orally  and  sub¬ 
cutaneously  in  total  doses  of  .5,  2n  and  125  mg.  kg.  The  total  daily  oral  dosi's  were  ad¬ 
ministered  in  two  divided  doses  per  day,  and  the  subcutaneous  doses  were  administered 
once  a  day.  The  animals  were  dosed  five  days  a  week,  and  with  the  excejition  of  the  125 
mg.  kg.  subcutaneous  dose  groups,  the  period  of  drug  administration  was  six  weeks.  The 
125  mg.  kg.  subcutaneous  groups  were  sacrificed  after  four  weeks  of  drug  administra¬ 
tion  because  of  severe  irritation  of  the  injection  sites.  All  animals  were  sacrificed  within 
six  days  following  the  last  atlministered  dose.  Blood  counts  were  obtained  prior  to  start¬ 
ing  drug  administration  and  again  during  the  last  week  of  drug  administration.  Body 
weight  changes  and  food  consumption  were  recorded.  Organ  weights  were  determined 
at  autopsy,  and  various  tissues  were  examined  histologically. 

Body  weight  changes  and  food  consumption  for  male  and  female  animals 
administered  daily  5  mg.  kg.  and  25  mg.  kg.  of  MER-25  orally  and  sub¬ 
cutaneously  were  .similar  to  those  of  their  re.spective  controls.  The  oral  and 
subcutaneous  administration  of  daily  do.ses  of  125  mg.  kg.  decreased  food 
intake,  and  the  rate  of  body  weight  increase  was  considerably  less  than 
that  of  the  controls  or  other  experimental  groups. 

The  total  leucocyte  count  increased  in  the  male  rats  administered 
MER-25  subcut  a  neou.sly  at  all  doses  and  in  the  female  rats  administered 
125  mg.  kg.  daj'  .sulicutaneou.sly.  The  highest  .subcutaneous  dose  also  in¬ 
creased  the  per  cent  of  granulocytes  in  both  the  male  and  female  animals. 
These  increa.ses  probably  resulted  from  the  local  irritant  action  of  this 
drug.  The  total  leucocyte  count  and  the  per  cent  granulocytes  were  also 
elevated  in  the  female  animals  administered  the  highest  dose  of  MER-25 
(  rally.  This  effect  was  possibly  related  to  the  lipoid  pneumonia  prevalent 
in  this  group.  There  were  no  other  significant  alterations  in  the  hema- 
tologv. 
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Oral  and  sul)cutaneous  administration  of  MER-25  decreased  the  weight 
of  the  testes,  seminal  vesicles  and  ventral  prostates  of  the  males,  the  utei 
of  the  females,  and  the  pituitaries  and  thymus  of  the  males  and  female.' 
The  oral  administration  had  a  greater  effect  than  did  the  subcutaneous  ad 
ministration,  and  the  larger  the  dose  of  MER-25,  the  greater  the  depressio! 
of  these  organ  weights. 

The  livers  from  male  and  female  animals  administered  daily  oral  dose 
of  125  mg.  kg.  were  slightly  heavier  than  those  from  the  control  animals  oi 
from  the  lower  dose  group  animals.  This  effect  was  more  pronounced  in  tin 
female  rats.  Histologically  these  enlarged  livers  had  minimal  fatty  vacuo 
lization. 

With  the  exception  of  the  livers,  histological  studies  were  made  only  on 
the  tissues  of  animals  administered  MER-25  orally. 

Spermatogenesis  was  absent  in  the  testes  of  two  of  the  eight  animals  ad¬ 
ministered  125  mg.  kg.  day  and  was  greatly  depressed  in  a  third  animal. 


Table  13.  Per  cent  ok  animals  with  open  vagina 


Treat- 

iiK^nt 

Dnily 
dosf, 
IllR.  Wr. 

Days 

after  birth 

SO 

SI  S2 

33 

34 

35 

36 

37 

38 

39 

40  41  42 

43  44 

45 

46 

47  48 

41) 

.50 

('ontrol 

_ 

10 

10  10 

10 

10 

10 

10 

10 

10 

.30 

60  70  70 

go  80 

80 

80 

!K)  \H) 

<N) 

IIKI 

.MKR-2.^ 

50 

20 

20 

30 

:«i 

60 

70  KK) 

.MKK-25 

5 

20 

70 

IK) 

KM) 

The  seminal  vesicles  and  ventral  prostates  had  varying  degrees  of  secretory 
activity  and  atrophic  changes.  These  changes  were  most  pronounced  in 
the  two  animals  having  no  spermatogenesis. 

The  vaginae  of  all  rats  administered  MER-25  had  various  degrees  of 
mucification  of  the  epithelium.  The  ovaries  of  three  of  the  four  surviving 
female  rats  administered  125  mg.  kg.  day  of  MER-25  orally  were  smaller 
than  those  of  the  control  animals.  Histologically  these  ovaries  contained  a 
greatly  reduced  numlier  of  follicles.  Ovarian  histology  in  all  the  other 
drug-treated  animals  was  similar  to  that  of  the  control  animals. 

Xo  significant  gro.ss  or  histological  alterations  were  observed  in  the 
adrenals,  thyroids,  pancreas,  kidneys,  heart,  aorta,  lungs,  spleen,  esopha¬ 
gus,  stomach,  large  and  small  intestines,  and  urinary  bladder. 

Kjfect  on  Vnginal  Opening  in  Immature  Ratft.  The  hnding  that  MER-25  jiroduct'l 
vaginal  mueifieation  in  rats  made  it  of  interest  to  iletermine  its  effeet  on  vaninal  openiiis! 
in  immature  animals. 

Three  groups  of  ten  immature  female  rats  weighing  ai)i>roximately  .50  gm.  were  ein- 
jiloyed.  Two  of  the  groups  were  administered  MER-25  by  the  drug  diet  method  in  dai’y 
doses  of  approximately  5  mg.  kg.  and  .50  mg. /kg.  The  third  group  served  as  a  eontr  il 
and  received  the  stock  diet.  The  animals  were  examined  daily  for  vaginal  opening. 

The  mean  day  of  vaginal  opening  was  day  35  for  the' 5  mg.  kg.  d.  v 
group,  day  39  for  the  50  mg.  kg.  day  group,  and  day  41  for  the  eontr  >1 
(Table  13). 
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Effects  in  Castrate  Female  Monkeys.  Two  castrato  fcMiialo  monkeys  (^laeaca  mulatta) 
weighiiiK  ai)proximately  4  kg.  each  were  emi)loye(l.  Vaginal  smears  were  made  daily  and 
read  according  to  tlie  method  of  Shorr  (2S).  Estradiol  was  administered  suhcutaneously 
Old  MEH-2o  was  administen'd  orally  in  hard  gelatin  capsules.  .V  series  of  three  exi)eri- 
jnents  were  jM'rformed.  In  the  first  of  these,  the  tlose  of  the  estrogen  was  25  MS-  kg.  day, 
ind  in  the  last  two  studies,  the  dose  was  10  mS-  doses  of  MI’iR-25  employed 

■anged  from  25  mg./  kg., 'day  to  150  mg.  kg.,  day.  .\  continuous  record  of  vaginal  cornifi- 
ation,  sex  skin  swelling  and  reddening,  and  withdrawal  bleeding  was  kept. 

The  protocols  of  the  experiments  and  the  experimental  results  are  sum¬ 
marized  in  Figure  8.  The  administration  of  e.stradiol  in  doses  of  2o  mS-  kg., 


Fig.  8.  Effect  of  MER-25  on  vaginal  cornification  and  withdrawal  bh'cding  in 
castrate  monkeys  maintained  on  estradiol. 


ilay  in  the  first  experiment  and  in  doses  of  10  mS-,  onimal  'day  in  the  next 
two  experiments  increased  the  percentage  of  cornified  cells  and  produced 
reddening  and  swelling  of  the  sex  skin. 

Experiment  1.  MER-2o,  at  30  mg.  kg.  day  administered  together  with 
(‘stradiol  (25  mK-  kg.  day)  produced  a  transient  fall  in  the  per  cent  of 
cornified  cells  to  the  castrate  level  and  some  lessening  of  the  reddening  and 
swelling  of  the  sex  .skin.  The  administration  of  150  mg.  kg.  day  of  MER- 
25  for  four  days  stopped  the  animals  from  eating;  therefore,  the  drugs  were 
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(liscontimied.  Withdrawal  l)l(*ediiifi;  occurred  four  days  followin}>;  the  dis- 
contiuuauce  of  the  adiniiiistratiou  of  estradiol  and  MEK-io. 

Experiment  2.  The  per  cent  of  estradiol-induced  cornified  cells  (10  mi 
animal  day)  decreased  on  the  seventh  day  of  MEIl-‘25  administration 
(75  mg.  kg.  (lay)  in  one  monkey  (B)  and  on  the  fourteenth  day  in  tlu 
second  monkey  (A).  Withdrawal  bleeding  occurred  on  the  ninth  day  of 
MER-25  administration  in  monkey  B,  and  on  the  sixteenth  day  in  monkey 
A. 

Experiment  3.  The  per  cent  of  estradiol-induced  cornified  cells  (10  jug. 
animal  day)  in  monkey  B  decreased  from  approximately  90%  to  approxi¬ 
mately  50%  after  35  days  of  administration  of  25  mg.  kg.  of  MER-25  and 
remained  at  that  level  for  the  remainder  of  the  experiment.  Uterine  bleed¬ 
ing  occurred  five  day.s  after  withdrawal  of  the  drug  and  e.strogen  treatment. 
In  the  .second  monkey  (A),  uterine  bleeding,  accompanied  by  a  rapid  de¬ 
crease  in  cornified  cells,  occurred  on  the  92nd  day  of  MER-25  administra¬ 
tion. 

Chronic  Toxicity  in  Intact  Monkeys.  MER-2o  in  dosc.s  rangins  from  1  ms-  k^.  day 
to  1)0  ms-  k^.  twice  a  day  was  administered  orally  in  hard  gelatin  eai)sules  to  two  mature 
female  monkeys  and  one  male  monkey  for  approximately  seventy  weeks.  Two  male  and 
two  femaU'  monkews  were  administered  sucrose  filled  placebo  capsules  and  served  as  con¬ 
trols.  Except  for  the  first  two  dose  periods,  MER-25  was  administered  twice  a  day,  five 
(lavs  a  week  and  once  a  day  during  the  weekends.  During  the  first  two  dose  periods. 
MER-25  was  administered  once  a  day,  six  da\s  a  w(‘ek.  Body  weight  changes  and  food 
eonsumjUion  was  recorded  regularly.  Blood  counts  were  ohtaiiu'd  just  prior  to  starting 
the  drug  administration  and  at  monthly  intervals  during  the  periods  of  the  treatment. 
The  length  of  the  menstrual  cycles  were  noted,  as  well  as  changes  in  the  per  cent  of 
cornified  vaginal  cells. 

The  daily  administration  of  MER-25  in  doses  up  to  40  mg.  kg.  twice  a 
day  did  not  alter  the  body  weights  of  the  three  animals,  with  the  exception 
of  one  female  monkey.  In  this  latter  animal,  after  42  days  of  treatment,  the 
drug  was  discontinued  for  a  period  of  35  days.  Drug  administration  was  re¬ 
sumed  after  tliis  rest  period.  The  administration  of  doses  of  GO  mg.  kg. 
twice  a  day  for  ten  days  decreased  food  intake  of  the  three  animals  and 
caused  weight  lo.ss.  Drug  administration  was,  therefore,  discontinued  for 
nine  days.  The  animals,  after  the  nine  day  rest  period,  were  administered 
40  mg.  kg.  of  the  drug  for  46  days  without  any  signs  of  toxicity. 

MER-25  did  not  cau.se  any  changes  in  hematological  values  of  these 
animals. 

The  length  of  the  menstrual  cycles  of  the  female  monkeys  are  summar¬ 
ized  in  Figure  9.  MER-25,  in  doses  of  1  mg.  kg.  day  to  10  mg.  kg.  twice  :■ 
day,  appeared  to  have  lengthened  the  cycles.  Within  two  weeks  after  in 
crea.sing  the  dose  of  MER-25  to  40  mg.  kg.  twice  a  day,  men.struation  oc¬ 
curred  in  both  monkeys.  Thereafter,  no  men.struation  occurred  for  1G7  day 
in  one  animal  and  197  days  in  the  second  animal.  This  latter  monkey  wa 
sacrificed  at  that  time.  Daily  doses  up  to  20  mg.  kg.  twice  a  day  did  no' 
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DAYS 

Fig.  10.  EfToct  of  MEU-25  upon  the  per  cent  of  vaginal 
eornified  cells  in  intact  monkeys. 


alter  the  per  cent  of  eornified  cells  in  the  vaginal  smears.  The  per  cent  of 
eornified  cells,  beginning  with  day  300  of  the  experiment,  are  plotted  in 
Figure  10.  For  the  first  40  days  shown  on  the  graph  the  vaginal  smears  re¬ 
mained  typical  of  the  animals  during  the  early  part  of  the  experiment.  The 
daily  administration  of  doses  of  40  mg.  kg.  twice  a  day  decrea.sed  the  per 
cent  of  eornified  cells.  This  effect  is  more  pronounced  in  monkey  E  than  in 
monkey  F. 

DISCUSSION’ 

The  experiments  reported  demonstrate  that  MER-25  is  an  estrogmi 
antagonist  in  the  mouse,  rat,  rabbit,  monkey  and  chick.  The  antagonism  u 
not  limited  to  inhibiting  the  hormonal  activity  of  natural  occurring  steroid 
since  the  effects  of  synthetic  non-steroidal  estrogens  are  also  counteracted 
MER-2o,  unlike  the  previously  reported  antiestrogenic  steroids,  con  - 
pletely  inhibits  estrogen-induced  uterine  growth.  It  inhibits  the  effect  (  f 
estradiol  on  the  vagina,  pituitary,  and  chick  oviduct.  The  marked  rise  i 
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ilie  plasma  phospholipids  of  the  chick  following  estrogen  administration  is 
)revented  by  ]\IER-2o.  The  antagonism  of  estrogens  is  not  produced 
hrough  etfects  on  the  ovary  since  the  anti-hormonal  activity  is  present  in 
he  castrated  as  well  as  the  intact  animal. 

Weak  gonadotrophin  inhibition  is  the  only  other  effect  demonstrated  by 
his  compound. 

AlER-2o  prevents  estradiol  induced  hypophyseal  hypertrophy.  Similar 
('suits  were  reported  for  chlorotriani.sene  (TACE),  (30).  However,  AIER- 
’.j,  unlike  chlorotrianisene,  does  not  produce  degranulation  of  the  gonado- 
rophs,  and  MER-25  prevents  the  estradiol  or  chlorotrianisene-induced 
'cgranulation  and  disappearance  of  the  hypophyseal  gonadotrophs  (31). 

AlER-2o  administration  to  lactating  rats  resulted  in  infertile  female  off- 
pring  but  fertile  male  offspring.  A  possible  explanation  of  tliis  is  that  this 
ompound  affects  the  germinal  epithelium  adversely,  acting  either  directly 
or  indirectly.  This  is  consistent  with  the  hypothesis  that  all  of  the  oocytes 
present  in  the  mature  ovary  are  pre.sent  at  l)irth  while  spermatogenesis 
occurs  throughout  the  reproductive  life  of  tlie  male  (32).  This  compound, 
based  on  the  findings  reported,  may  be  useful  in  elucidating  the  mecha¬ 
nisms  of  action  of  gonadotrophins  and  estrogen. 
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INDI:PENDEN('E  of  eh  and  A(TII  release 
FROM  THE  RAT  PITUITARY 
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Chieago,  Illinois 

AHSTUACT 

Cyclic  rats  known  to  release  LII  betwc'en  2:00  e.M.  and  4:00  e.M.  on  the 
day  of  i)roestrus  wen*  tested  foi'  simultaneous  AC!TH  rehvise  by  nu'asureinent 
of  adrenal  ascorbic  acid  concentration  between  3:30  and  4:30  p.m.  No  depletion 
of  ascorbic  acid  occurred,  indicatin;;  that  ACTH  is  not  released  simultaneously 
with  Lll. 

Pentobarbital  treatment  at  2:00  p.m.  did  not  cause  significant  adrenal 
ascorbic  acid  dei)letion  in  rats  of  different  cycle  stages.  Therefore,  the  ability 
of  i)entobarbital  at  2:00  p.m.  to  block  LH  ielea.se  in  proestrous  rats  is  not  the 
result  of  a  non-specific  “stressing”  action  as  has  been  suggested  in  the  literature. 

The  (lue.stion  of  independence  of  release  of  tlie  several  anterior  pitui¬ 
tary  hormones  has  not  been  thoroughly  investigated  (1).  Saxton  and 
Ciieene  (2)  found  a  decrease  in  pituitary  TSIl  and  ACTH  content,  a.s  well 
as  gonadotrophin  content,  following  coitus  in  the  rabbit.  Cyclic  changes  in 
adrenal  weight  (3)  and  thyroid  P^'  uptake  (4)  have  )>een  reported  during 
tlie  rat  non-pregnant  estrous  cycle.  However,  Brown-CJrant  (o)  measuring 
the  release  of  thyroidal  P’‘  found  no  differences  a.s.sociated  witli  coitus  in 
the  rabbit  or  the  stage  of  the  estrous  cycle  in  the  rat.  “Stre.ss”  increases 
.\CTII  .secretion  wliile  decrea.sing  gonadotropliin  (0)  or  TSH  (7)  .secretion. 
On  the  other  hand,  increased  gonadotrophin  secretion  during  early  preg¬ 
nancy  and  p.seudopregnancy  does  not  interfere  with  ACTH  release  induced 
by  unilateral  adrenalectomy  (8). 

Everett  and  coworkers  (9)  have  demonstrated  that,  in  four-day  cyclic 
rats  exposed  to  light  between  o  a.m.  and  7  p.m.  pituitary  LH  release  is 
.stimulated  between  2:00  and  4:00  p.m.  on  the  day  of  proestrus.  This 
provides  an  excellent  experimental  tool  for  testing  the  hypothesis  that  other 
hormones  might  be  released  obligatorily  when  one  hormone  is  .secreted 
acutely.  In  the  following  experiment,  adrenal  ascorl)ic  acid  concentration 
was  mea.sured  in  the  morning  and  afternoon  in  proestrous  rats  as  an  endog¬ 
enous  a.s.say  for  po.ssible  ACTH  release  (10)  accompanying  the  secretion 
of  LH.  No  evidence  of  ACTH  release  was  obtained. 

The  experiment  was  then  repeated  u.sing  animals  injected  with  pento- 
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barbital  at  2:00  p.m.  to  block  LH  release  in  order  to  ascertain  if  the  pento 
barbital  simultaneously  caused  ACTH  release  as  a  test  of  the  hypothesi 
of  Dordoni  and  Timiras  (9,  11)  that  blocking  agents,  acting  as  non-specifi' 
stressors,  prevent  LH  secretion  by  eliciting  ACTH  release.  Since  significan 
ACTH  release  did  not  occur,  the  hypothesis  must  be  rejected. 

MATERIALS  AND  METHODS 

Viiniii  f(“mal(‘  rats  (90  days  old)  obtained  in  sovon  lots  from  Si)ragiu'-I)a\vk>y,  liic. 
were  housed  either  one  or  two  per  eage  in  a  teinperature-eontrolled  room,  artificial!;, 
lighted  from  5:00  a.m.  to  7 :00  p.m.  Vaginal  smears  were  taken  each  morning,  and  ever; 
rat  used  in  these  exi)eriments  had  run  at  least  three  consecutive  four-day  cycles  hefon 
the  cych‘  during  which  it  was  autoj)sied.  In  preliminary  tests  it  was  confirmed  that 
ovulaticm  was  occurring  during  the  night  between  proestrus  and  estrus,  and  that  pento- 
harhital  (3  mg.  100  g.)  (9)  at  2:00  p.m.  on  the  afternoon  of  i)roestrus,  hut  not  at 
4:00  P.M.,  prevented  this  ovulation  (8  out  of  8  control  animals  ovulated,  1  out  of  9 
pentobarbital  injected  animals  ovulat«'d). 

Experiment  /.  On  a  given  day,  rats  from  each  cycle  stage  were  killed  by  decai)itatioii 
between  10:00  and  10:30  a.m.  and  3:30  and  4:30  p.m.  Since  Everett  (12)  has  shown  that 
40%  of  proestrous  rats  have  already  released  LH  by  2:45  p.m.  and  90%  have  released 
LH  by  3:45  p.m.,  and  since  AC'TH  causes  adrenal  ascorbic  acid  flepletion  within  20 
minutes,  lasting  as  long  as  three  hours  (10),  the  afternoon  autopsy  time  was  considered 
adetjuate  to  detect  any  acute  .VCTH  release  which  might  occur.  The  left  adrenal  was 
weighed  and  the  ascoibic  acid  content  measured  by  a  previously  described  modification 
(8)  of  the  Roe  and  Kuether  method  (13). 

Experiment  II.  The  previous  experiment  was  repeated,  excejit  that  some  of  the  rats 
in  eaeh  cycle  stage  received  saline  (1  cc.  TOO  gm.)  or  pentobarbital  (3  mg./lOO  gin.) 
intra])eritoneally  at  2:00  p.m.  before  the  afternoon  autopsy. 

RESULTS 

In  both  experiments,  results  olttained  on  animals  in  metestrus  and 
(liestrus  were  indi.stinguishable,  and  are  reported  as  “diestrous”  values. 
The  results  of  Experiment  1  are  summarized  in  Table  1.  There  were  no  sig¬ 
nificant  differences  in  ascorbic  acid  concentrations  between  the  morning 


Table  1.  .VnaE-NAL,  weight  and  ascorbic  acid  coxcextratio.vs  ix 

PROESTROI  S,  DIESTROl  S  AND  ESTROI  S  RATS 


Cycle  stage 

-Adrenal  wt.,  mg. 

•A.scorbic  acid,  mK- 

Body  wt.,  100  gm. 

-Adrenal  wt.,  mg. 

1) 

10:00  to  10:30  a.m. 

.\utopsy 

Proestrus 

34 

13.811.5 

4.:i81  .41 

Estrus 

19 

14.812.0 

4.271  .57 

1  liestrus 

22 

14.311.9 

4.581  .40 

2) 

3:30  to  4:30  p.m. 

.Autopsy 

Proestrus 

41 

14.51 1 .8 

4.29+  .55 

Estrus 

20 

15.011.9 

4.37+  .35 

1  liestrus 

27 

14.211.3 

4.01  1  .41 

Value.s  are  mean  ±  standard  deviation. 
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tid  afternoon  autopsy  groups  in  any  of  tlie  stages  of  tiie  estrous  cycle.  Tlie 
I  ata  in  Table  1  suggest  that  adrenal  weights  at  estrus  are  higher  than  at 
(  iestrus.  This  was  confirmed  .statistically  by  calculating  the  regre.ssion  of 
.  Irenal  weight  on  body  weight  for  e.strous  and  for  die.strous  rats.  An 
;  iialy.sis  of  covariance  revealed  a  significantly  (P<.01)  higher  average 
:  Irenal  weight  in  e.strous  rats.  That  the  estrous  hypertrophy  may  begin  on 
1  le  afternoon  of  proestrus  is  suggested  by  the  small  increase  in  adrenal 
\  eights  in  proestrous  animals  autopsied  in  the  afternoon  (Table  1). 

The  results  of  Experiment  II  are  summarized  in  Table  2.  Pentobarbital 
<  id  not  .significantly  deplete  adrenal  a.scorbic  acid  in  any  of  the  cycle  stages. 
However,  five  of  the  eight  afternoon  proestrous  rats  showed  partial  deple- 
t  on  (3.23  to  3.74  pg,.  mg.  of  a.scorbic  acid). 


Table  2.  Ekkect  ok  pentobarbital  at  2:00  p.m.  on  adrenal  \veic:ht  and  ascorbic 

ACID  CONCENTRATIONS  IN  PROESTROl  S,  DIESTROCS  AND  E.STROI  S  RATS 


('yelp  .stage 

X 

.\dreiial  \vt.,  mg. 

Ilody  \vt.,  H)0  gm. 

.\.seorl)ie  aidd,  #ig. 

.•Vdreiial  \vt.,  mg. 

1  lOrtKI  to  A.M. 

Autop.sy 

Proestrus 

5 

13.4  ± 1 .0 

5.08+  .47 

Estni.s 

3 

10.3  + 1 .a 

4.70+  .33 

1  liostrus 

3 

14.3  ±  1  .0 

5 . 20  ± . 20 

2)  3:30  to  4::i()  p.m.  .Vutop.sy; 

.Saline  or  Xo  Treatment 

Proestrus 

12 

15.3  ±2.1 

4.02 ± .71 

Estrus 

.5 

10.0+2.1 

5.01  +  .40 

Diestrus 

8 

14.1  +2.4 

4.00  + .02 

3(  3:30  to  4:30  p.m.  .\utopsy: 

Peiitoharliital 

I’roestrus 

8 

14.0+1 .0 

4.11  +  .03 

Estrus 

b 

14.3  +  1.4 

4.85+  .40 

I  liestrus 

7 

14.!»+2.0 

4.77  +  .0.5 

Values  are  mean  ±  standard  deviation. 


DISCUSSION 

The  failure  to  find  ascorbic  acid  depletion  following  LII  relea.se  in  the 
proestrous  rat  (Table  1)  demonstrates  that  ACTH  is  not  released  simul¬ 
taneously  with  the  ovulating  hormone.  The  decrease  in  TSH  and  ACTH 
content  of  rabbit  pituitary  glands  following  coitus  (2)  may  have  indicated 
decreased  production  of  TSH  and  ACTH,  rather  than  increa.sed  secretion, 
.since  Brown-Grant  (5)  failed  to  demonstrate  changes  in  release  of  thyroidal 
following  coitus.  It  is  necessary  to  conclude,  therefore,  that  the  pituitary 
can  secrete  gonadotrophin  acutely  without  simultaneously  secreting  TSH 
and  ACTH. 

The  adrenal  hypertrophy  at  estrus  is  probably  the  result  of  estrogen- 
iitduced  ACTH  secretion  (1).  It  has  been  shown  that  .single  injections  of 
e  trogen  caused  adrenocortical  hypertrophy  in  24  hours  (14)  and  vaginal 
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cornification  in  40  hours  (15).  Thus,  rising  titers  of  estrogen  on  the  da  s 
of  diestrus  and  proestrus  are  probably  responsible  for  both  these  etYeci>!. 
However,  estrogen-induced  ACTH  release,  unlike  estrogen-induced  Lll 
release  (16),  does  not  operate  acutely  via  the  2:00  p.m.  diurnal  mechanis  ii 
(Table  1). 

Experiment  II  was  a  direct  test  of  the  suggestion  by  Dordoni  ai.d 
Timiras  (11)  that  pentobarbital  prevents  LII  secretion  by  eliciting  ACTil 
release  by  virtue  of  a  non-specific  stressor  effect.  Since  the  pentobarbital 
did  not  cause  a  uniform  stress  response  in  animals  of  all  cycle  stages  (Table 
2),  it  seems  necessary  to  reject  this  hypothesis  of  a  non-specific  effect  of 
pentobarbital.  Moreover,  Sawyer  and  coworkers  (17)  point  out  that  mor¬ 
phine  and  pentobarbital,  both  of  which  block  gonadotrophin  release,  may 
also  block  the  stress  response.  However,  the  partial  ascorliic  acid  depletion 
shown  by  some  of  the  pentobarbital  injected  proestrous  rats  (Tal)le  2)  may 
indicate  that  at  2:00  p.m.  these  animals  are  more  susceptible  to  stimula¬ 
tion  of  ACTH  release  than  are  rats  in  other  cycle  stages. 
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\orwalk,  Connecticut 

ABSTRACT 

Desoxycorticostorone  iicotiite  (DC A)  udininisterod  to  l)iihy  cliicks  produced 
strikiiiK  eidaiKcmcnt  of  tlic  testes.  HistoloKieally  this  was  shown  to  he  due 
lu  imarily  to  distention  of  the  seminiferous  tul)ules  i)y  intraluminal  fluid. 

In  terms  of  eomh  weif^ht,  DC.V  was  weakly  androKenie  in  small  doses,  and 
in  larger  dos(‘s  it  inhibited  eond)  growth.  The  latter  effect  probably  resulted 
from  interferenee  with  endogenous  androgen  j)roduetion. 

DESOXYCORTICOSTERONE  acetate  (DCA)  induces  striking  path¬ 
ological  changes  in  various  species  of  animals  (1).  Several  years 
ago,  when  a  study  was  made  of  the  effect  of  steroids  on  the  chick  comb 
(2,  3),  it  was  noted  that  chicks  receiving  DCA  had  very  large  testes,  a  find¬ 
ing  that  Selye  (4)  mentioned  in  his  .studies  on  experimental  nephrosclerosis. 
Since  no  data  have  been  presented  on  this  unusual  observation,  this 
proldem  has  been  reinvestigated. 

METHODS 

Single-combed  White  Leghorn  cockerels  were  received  from  jv  local  hatchery  one  day 
after  hatching.  All  experiments  were  started  on  the  following  day.  The  chicks  were  kei)t 
ill  sejiarate  experimental  groups  in  battery  brooders  at  a  temperature  of  7()-S()°  F,  and 
given  water  and  chick  starter  mash  (Libner’s  Blue  Ribbon)  ad  libitum. 

1)C.\“  was  di.ssolved  in  se.same  oil  in  varying  concentrations.  In  Experiments  IV-VI, 
l)rcau.se  of  the  high  concentrations,  some  of  the  DCA  remained  in  suspension.  In  all 
cases  the  chicks  were  given  dorsal  subcutaneous  injections  of  0.2  ml.  of  DC'.V  in  sesame 
oil  or  in  the  case  of  the  controls,  0.2  ml.  of  sesame  oil. 

At  the  end  of  varying  lengths  of  time  (9-13  days)  the  animals  were  sacrificed  with 
etlier.  They  were  weighed;  the  combs  were  excised  according  to  a  standard  procedure 
(o).  The  testes  and  combs  were  weighed  on  a  Roller-Smith  torsion  balance.  The  testes 
\vi  re  reported  as  combined  weights  of  both  testes.  .\11  testes  were  placed  in  formalin  for 
hi'tological  study.  Representative  samjiles  were  embedded,  sectioned  and  stained  with 
hi  inatoxylin  and  eosin. 

Received  February  12,  1958. 

*  Sujrported  by  grants  from  the  Norwalk  Chapter,  Connecticut  Heart  Association, 
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^  Desoxycorticosterone  generously  supplied  by  Dr.  Robert  tlaunt,  Ciba  Pharma- 
ct  utical  Products,  Inc. 
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Table  1.  Kffect  of  desoxycorticosteroxe  acetate  ox  body  axd 

COMB  WEIGHTS  OF  WHITE  LEGHORN  COCKERELS 


Expt. 

(iroui) 

1  )ays 

No. 

Body  wt. 
(k'hi.) 

Coml)  wt. 
(nig.) 

Control 

11 

82  ±2* 

30  ±3 

I 

l)C.\  (i  mg. /day) 

7 

82  ±4 

30  +  5 

Control 

15 

88  +  1 

07  +  5 

11 

1)C.\  (J  mg. /day) 

!> 

15 

88  ±3 

101  ±0 

Control 

13 

12(1  +  4 

250+30 

III 

I)C.\  (1  mg./day) 

13 

17 

133+3 

350  ±24 

Control 

14 

100+2 

100+0 

I)C.\  (1  mg./day) 

11 

11 

110  +  2 

51  +3 

Control 

11 

02  +  1 

08  +  0 

M 

DC.V  (2  mg./day) 

10 

12 

81  +  1 

45+3 

*  S.E. 

-Mean. 

3  , 

T'  T  T  '  ~r~T  1  t  »-■ 

4 

1'  1  T  ■ 

1 _ u 

5^* 

Fig.  1.  Comparison  of  testes  from  DCA-treated  ehiek  (left)  with  normal  control  (rigl  *)• 
Compare  with  centimeter  rule. 


September,  lOoS 


EFFECT  OF  DCA  OX  CHICK 


825 


RESULTS 

DCA  proved  to  he  relatively  non-toxic  to  the  chicks.  They  appeared 
o  eat  well,  remaining  active,  and  with  the  exception  of  Expt.  VI,  the  body 
\eights  were  not  significantly  different  from  those  of  the  controls.  In 

_ A  B 


]  iG.  2.  Histological  sections  of  testes  from,  ll-day-old  control  chick,  XhO;  H.  same, 
X240;  C.  chick  treated  11  days  with  DCA,  XOO;  I),  same,  X240. 
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Expt.  VI,  in  which  the  animals  received  2  mg.  (lay,  there  was  some  rednc 
tion  in  body  weight  (Table  1).  Many  of  the  animals  receiving  DCA  die 
demonstrate  a  moderate  gelatinous  sui)ciitaneous  edema,  which  may  havt 
contributed  to  the  body  weiglits. 

Testes:  The  most  striking  feature  of  tliis  group  of  experiments  was  th. 
appearance  of  the  testes.  Testes  from  DCA-treated  cliicks  were  typicall 
large,  shiny  and  firm.  On  nicking  the  capsule,  serous  fluid  would  oftei 
escape  rapidly.  Figure  1  shows  the  relative  .sizes  of  a  pair  of  te.stes  from  a 
DCA-treated  chick  and  a  control. 


Fig.  3.  Couipositi'  data  on  tlu*  (‘ffccts  of  1)('A  on  testis  weights 
in  the  baby  chick. 


The  hi.stological  appearance  of  these  testes  is  shown  in  Figure  2.  The 
normal  10-day-old  chick  testis  (Fig.  2A  and  2B)  is  a  compact,  relatively 
undifferentiated  structure.  The  lumina  of  the  seminiferous  tubules  are  very 
small  and  Ijarelj’  demonstrable,  and  they  contain  undeveloped  germiinl 
cells.  The  inter.stital  tissue  compact  and  cellular.  The  testis  from  the  DC.v- 
treated  chick,  on  the  other  hand,  is  strikingly  different  (Fig.  2C  and  21  ). 
The  seminiferous  tubular  .system  is  extensively  dilated,  \yith  the  germin  il 
epithelium  appearing  to  be  stretched  and  flattened.  Edema  is  present  n 
the  interstitial  spaces  as  evidenced  by  a  separation  of  the  cellular  elemems 
and  vacuolated  spaces  in  the  interstitium. 


,  cptcinbcr,  l!>oS  ICFFECT  OF  1)(’A  ON  C’HlC’Iv  327 

Fisiii't*  3  sununarizes  all  the  testis  weight  data  obtained  from  six  experi- 
laents  in  which  DCA  was  administered  to  2-day-old  cockerels  for  periods 
arying  from  9-18  days.  The  larger  doses  of  DCA  had  a  greater  effect  on 
1  'stis  weight  than  did  the  smaller  doses.  In  each  experiment  there  were  one 
( r  more  pair  of  testes  larger  than  any  of  the  controls.  In  all  cases  there  was 
( onsiderable  overlap  in  data  between  the  experimental  groups  and  their 
( antrols.  Nevertheless,  in  Expts.  IV-VI,  some  of  the  testes  were  so  large 
j  s  to  leave  no  doubt  of  the  .significance  of  this  response.  Because  of  the  ap- 
j  arent  unpredictability  of  tlie  response  to  DCA  and  the  unresponsiveness 
of  .some  testes  in  each  group,  it  was  not  possible  to  work  out  a  good  do.se- 
icsponse  curve. 

('ombs:  ('ombs  were  weighed  primarily  to  ascertain  whether  the  swelling 
properties  of  DCA  on  the  testes  influenced  the  rate  of  androgen  production 
by  the  testes.  The  data  are  .shown  in  Table  1.  There  were  no  significant 
differences  in  comb  weights  in  Expt.  I  in  which  the  treated  group  received 
0.25  mg.  DCA  day.  The  chicks  in  Expts.  II  and  III,  receiving  ^  mg. 
DCA  day,  had  significant  increases  in  their  com!)  size.  Animals  receiving 
1-2  mg.  DCA  day  had  .significantly  smaller  comb  weights. 

DISCUSSION 

The  profound  effect  of  DCA  on  the  chick  te.stis  cannot  easily  be  ex¬ 
plained.  The  edema  of  the  interstitium  is  perhaps  no  greater  than  that  seen 
in  other  ti.ssues.  The  distention  of  the  .seminiferous  tubules,  on  the  other 
hand,  appears  to  be  a  specific  organ  effect  of  DCA,  not  seen  with  other 
potent  salt-retaining  .steroids  (9-a-fluoro  F',  2-methyl-9a!  fluoro  F,  and 
A'-9a  fluoro  F)  (0).  This  finding  has  not  lieen  reported  in  other  .species.  In 
tlieory  it  could  be  produced  by  an  imbalance  in  formation  of  tubular  fluid 
(over-secretion;  decreased  reab.sorbtion)  or  ob.struction  of  a  vas  deferens. 
'I'his  (juestion  cannot  be  answered  as  yet. 

The  androgenic  properties  of  DCA  are  very  weak.  Some  have  reported 
coml)  stimulation  in  the  chick  and  capon  (7-9);  others  have  observed  no 
clfect  (10,  11).  The  data  here  suggest  that  DCA  may  be  androgenic  in  small 
(loses,  but  it  actually  inhibits  comb  growth  in  larger  doses.  This  could  be 
explained  either  on  the  basis  of  interference  with  normal  Leydig  cell  func¬ 
tion  or  an  inhibition  of  pituitary  gonadotrophin  production  as  is  seen  with 
estrogens  (8). 
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SENSITIZATION  TO  HYPERTENSIVE  AOTION  OF  DE- 
SOXY(X)RTICX)STERONE  BY  UNILATERAL  NE¬ 
PHRECTOMY:  RELATIONSHIP  TO  DOSAGE 
AND  TO  INTERVAL  BETWEEN  SURGERY 
AND  HORMONE  ADMINISTRATION^ 

C.  E.  HALL  AND  ().  HALL 

The  Carter  Physiology  iMboratory,  I'niversity  of  Texas  Medical  Branch, 

Galveston,  Texas 

ABSTKAC'T 

Tlic  hyiM'rti'iisivi'  |)()tt'iu*y  of  (Icsoxycorticostcrone  (I)C’A),  ut  a  dosase  of 
1  niK-,  day,  was  assossial  in  animals  subjoctod  to  uniiu‘])hri“ctoiny.  Tlioso  in 
wliich  the  oi)i‘iation  was  porfonnod  on  the  day  of  bef'inning  hormone  treatment 
were  eompared  with  others  ojrerated,  resi)ectively,  7  and  14  days  earlier. 
Although  the  lesponse  was  essentially  the  same  in  the  latter  two  Rroiips,  hy¬ 
pertension  and  its  eonseciuences  were  earlier  in  onset  and  more  severe  in  decree 
in  both  than  in  the  fir.st.  A  second  experiment  compared  newly  nephrectomized 
animals  with  those  operated  21  days  earlier,  and  in  which  compensatory  renal 
hypertrophy  was  therefore  complete,  at  dosages  of  2  mg.  day  and  0.5  mg.  day. 

No  difference  in  response  was  detectable.  It  is  concluded  that  there  is  a  relative 
refractoriness  to  the  hypertensive  effects  of  the  steroid  during  the  early  and 
most  rapid  phase  of  renal  compensatory  hypertrophy.  This  difference  is  best 
revealed  by  dosages  in  the  range  of  1  mg. /day.  Double  this  dosage  seems  to 
overwhelm  such  differences  in  sensitivity,  whereas  at  half  of  it  the  steroid  fails 
to  be  effective  in  the  jreriod  when  a  real  difference  exists  in  the  degree  of  renal 
hyi)ertroj)hy  and  therefore  in  sensitivity. 

A  RECENT  publication  from  this  lai)oratoiy  presented  evidence  in¬ 
dicating  that  although  unilateral  nephrectomy  .sensitizes  the  rat  to 
the  hypertensive  cardiova.scular  disease  induced  by  desoxycorticosterone 
acetate  (DC A)  and  sodium  loading,  animals  in  which  hormone  treatment 
is  instituted  on  the  day  of  kidne}'  removal  are  much  less  respon.sive  than 
those  in  which  two  weeks  is  allowed  to  elapse  between  the  operation  and 
beginning  hormone  administration  (1,  2).  This  was  indicated  by  earlier 
elevation  of  blood  pressure,  involvement  of  a  larger  number  of  animals 
and  greater  incidence  and  severity  of  the  cardiovascular  lesions  in  the 
latter  as  compared  to  the  former.  It  was  interpreted  as  po-ssibly  indicative 
of  a  relative  re.si.stance  to  the  .sodium  retaining  effect  of  DCA-treatment 
(luring  the  active  pha.se  of  renal  compensatory  hypertrophy,  and  implies 
that  by  whatever  mechanism  unilateral  nephrectomy  sensitizes  animals  to 
DCA-treatment,  it  is  not  simply  a  matter  of  reduction  in  renal  mass. 

R(“ccivc(l  March  15,  195S. 

*  This  study  was  supported  by  a  research  grant  (RG  4833)  from  the  National  Heart 
l  istitute  of  the  United  States  Public  Health  Service. 
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It  was  the  object  of  the  first  of  the  experiments  reported  herein  t 
evaluate  tlie  importance  of  the  time  interval  interposed  between  the  operti 
tion  and  steroid  treatment  to  the  difference  in  sensitivity;  and  of  the  secon 
experiment  to  ascertain  whether  the  difference  could  he  accentuated  fui 
ther  by  varying  the  dosage  of  hormone,  in  this  case  by  doubling  and  halviii , 
the  dosage  which  earlier  experiments  had  shown  to  be  effective,  inasmuc 
as  there  was  no  reason  to  believe  that  the  most  appropriate  dosage  ha< 
initially  been  selected. 


MATERIALS  AND  METHODS 

Fcniali'  ruts  of  tlu*  Holtzmaii  strain  wore  used  tlirouf;hout,  and  Purina  Lahoratoi  . 
(’how  was  f(‘d  ad  lib.  In  the  first  e.\j)(‘rinicnt  40  animals  55-75  gm.  in  weight  weir 
divided  into  four  groups  having  the  same  average  liody  weight.  Tlie  left  kidney  w:i' 
removed,  under  ether  anesthesia,  from  the  sixteen  animals  of  Group  1 ;  a  week  later  the 
same  was  done  to  the  animals  of  Group  2,  and  in  a  further  week  to  those  of  Groups 
and  4,  eaeh  composed  of  eight  animals. 

From  this  time  until  the  experiment  was  terminated  all  animals  were  placed  on 
O.N5%  XaCl  drinking  solution,  and  a  water  suspension  of  DC.V*  was  administered  to 
animals  of  Groups  1, 2  and  3  at  a  dosage  of  1  mg.,  day  in  0.2  cc.  of  fluid,  and  the  suspend¬ 
ing  medium  in  this  same  volume  to  tho.se  of  Group  4.  Blood  pressure  was  measured  each 
week  by  a  tail  plethysmograph  method  (3)  on  unanesthetized  animals.  The  average  of 
3  consecutive  readings  agreeing  to  within  5  mm.  of  Hg  was  taken  as  representative  of 
the  blood  pressure  of  each  animal  and  values  in  exce.ss  of  150  mm.  Hg  were  regarded  as 
hypertensive.  The  exp(‘riment  was  terminated  on  the  2Sth  day.  .Vt  autop.sy  the  viscera 
were  examined  for  cardiovascular  lesions  and  the  cardiac  ventricles  and  kidneys  dissected 
free  of  adherent  connective  tissue,  weigh(‘d  to  the  nearest  mg.  on  an  accurate  torsion 
balance  and  fixed  for  hi.stologic  examination. 

In  Experiment  2,  fifty  female  rats  55-75  gm.  were  divided  into  5  equal  groups.  The 
left  kidney  was  then  remover!  from  the  animals  of  Groups  2  and  4,  and  three  weeks  later 
the  same  was  done  to  animals  in  Groups  1,  3.  and  5. 

•Vt  this  time  all  groups  were  placed  on  O.S5%  NaCl  drinking  solution,  and  from  then 
until  the  experiment  was  terminated  the  animals  in  Groups  1  and  2  received  2  mg.  day 
DC.V  in  0.2  cc.  of  suspending  medium;  those  in  Groups  3  and  4  receiverl  0.5  mg.  day  in 
the  same  volume  and  those  of  Group  5  the  medium  only.  Blood  pressures  were  measurcil 
and  asses.sed  as  in  the  previous  experiment.  The  experiment  was  terminated  after  2.S  day.s 
of  hormone  administration,  the  animals  killed  with  ether,  and  the  hearts,  kidneys  and 
samples  from  the  mesenteric  arteries  were  fixed  for  subsequent  histologic  examination. 

RESULTS 

In  the  first  experiment,  hyperten.sion  was  earlier  in  onset,  of  great (u- 
magnitude  and  affected  a  larger  percentage  of  the  animals  in  Groups  1  and 
2  than  in  Group  3.  By  the  second  week  of  hormone  administration  t'so 
thirds  of  the  animals  subjected  to  left  nephrectomy  two  weeks  prior  to 
hormone  treatment  and  three  quarters  of  tho.se  in  which  the  operation 
preceded  treatment  by  one  week  were  hypertensive,  whereas  none  of  tin  'C 
in  which  hormone  treatment  was  begun  on  the  day  of  kidney  removal  h  d 

*  The  hormone  was  generously  supplied  by  Dr.  Robert  Gaunt  of  the  Giba  Phan  i- 
ceutical  Co.  Summit,  X.  J. 
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ot  developed  an  elevation  of  arterial  pressure  in  excess  of  lot)  mm.  llfj;. 
■'roin  then  on,  the  numher  of  hypertensive  animals  in  each  group,  and  the 
iverage  blood  pressure  of  the  group  l)egan  to  increase  steadily;  and  by  the 
)urth  week  of  treatment,  although  it  was  still  evident  that  the  animals  in 
‘  houps  1  and  2  were  more  severely  affected  than  tho.se  in  Group  3,  it  was 
Iso  equally  clear  that  the  gap  was  being  rapidly  clo.sed  and  soon  would  be 
t  adicated.  Renal  and  cardiac  arteriopathy  and  associated  lesions,  .so 
!  loroughly  described  elsewhere  (4-6)  as  to  obviate  extensive  treatment 
1  're,  although  encountered  with  ecpial  frequency  in  Groups  1  and  2,  was 
1  I  rely  seen  in  Group  3  and  not  at  all  in  Group  4.  The  cardiac  ventricles  of 
1  oth  Group  1  and  Group  2  animals,  expres.sed  a.s  mg.  per  100  gm.  l)ody 
eight  differed  .significantly  in  weight  (P  <0.001)  from  controls;  whereas 
uiose  of  Group  3  animals  did  not  (P>.0o).  The  data  are  .summarized  in 
]  igure  1  and  Table  1. 

In  the  second  experiment  the  blood  pressures  were  clearly  related  to  the 
(lUantity  of  hormone,  but  at  the  dosage.s  employed  there  was  no  apparent 
i.'lationship  between  the  time  which  had  been  allowed  to  elapse  between 
nephrectomy  and  hormone  admini.stration,  and  the  pressor  response.  At 
the  higher  do.se  all  except  one  animal  in  each  of  the  treated  groups  were 
liyperten.sive  by  the  end  of  the  first  week  of  treatment ;  whereas  at  the  lower 
dosage  even  by  the  fourth  week  between  25%  and  50%  of  the  animals  in 
l)oth  groups  still  hacl  not  developed  blood  pressures  in  excess  of  150  mm. 
Ilg.  At  autopsy  the  cardiovascular  lesions  which  constitute  a  prominent 
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Fig.  1.  Blood  prossuro  avorag(*s  at  weekly  intervals.  The  solid  line  at  the  top  of  the 
columns  indicates  the  grouj)  average,  the  shaded  area  above  and  beneath  eneoinpasses 
the  standard  error  of  the  measurement,  and  the  superscrijit  figure  indicates  the  per¬ 
centage  of  each  group  having  arterial  pressures  in  excess  of  1.50  mm.  Hg.  Clroups  1,  2  and 
.3  each  received  1  mg. /day  DC.V  and  were  subjeeted  to  unilateral  nephrectomy  respec¬ 
tively  14  days,  7  days  and  0  days  before  hormone  treatment  began.  (Iroui)  4  are  eontrols 
imd  were  uninephrectomized  at  the  same  time  as  Group  li  animals. 
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Table  1.  Treatment  data,  oroan  weights  and  pathologic  changes 
IN  DCA-treated  rats 


(iroup 

Dav 

Data 

- 

' 

2 

3  ' 

4 

Left  Nephrectomy  on  day 

0 

7 

14 

14 

<1 

No.  animal.s 

Hi* 

8 

8 

8 

Body  wt.,  gm.  , 

08±3t 

08  ±3  ■ 

08  ±3  ; 

7<)±3 

0.85%  NaCl  to  drink 

+ 

+  ! 

+  1 

+ 

14 

1  mg. /(lav  DC'.V 

+ 

+  ' 

-j-  1 

— 

Body  wt.,  gm. 

142±5  1 

130  ±5  ’ 

120  ±5  1 

130  ±7 

No.  animals 

8 

8 

0 

8 

Bodv  wt.,  gm. 

1 7  5  ±  0 

101 ±  8  ' 

174  ±10 

188+  7 

Heart  wt.,  mg. 

780+37 

752  ±32 

082  ±20 

070  +  If, 

nig.% 

451  ±21 

400  ±13 

408  ±31 

351  +  1 

Kidnev  wt.,  mg. 

2111  ±02 

1700  ±05  1 

1885+42 

1033+41 

mg.  % 

1204  ±51 

1122  ±45 

1131  +50 

880+30 

42 

A  ulopftj/ findings 

Renal  lesionx  ^ 

%  incidence 

03 

50 

0 

0 

1  avg.  severitv 

i 

+ 

0 

0 

Cardiac  lesions 

1 

%  incidence 

03 

i  75 

17 

0 

avg.  severity 

+ 

+ 

0 

*  8  killed  on  14tli  day. 
t  ±S.K.  of  -Mean. 


Table  2.  Effect  of  hormone  dosage  on  cardiovascclar 

RESPONSES  TO  1)C.\ 


Day 

1 

( iro'ip 

1  ' 

2  j 

3 

^  1 

5 

Dose  of  DC’ .4  in  mg. /dav 

2 

2 

0.5 

0.5 

0 

No.  animals 

10 

10 

10 

10  , 

10 

0  1 

Bodv  wt.,  gm. 

145±5* 

1 40  ±  5 

140  ±3 

140  +  7  1 

1.50  +  7 

Blood  Press.,  mm.  Hg 

123  ±3  1 

128  ±4 

120  ±3  ; 

130  ±3 

124  ±  2 

7 

Blood  Press.,  mm.  Hg 

101  ±3 

100  ±5 

133  ±5  1 

137  ±4 

127  ±3 

14 

Blood  Press.,  mm.  Hg 

187  ±11 

187  ±13 

130  ±7  1 

138  ±0  . 

132  ±3 

21 

Blood  Press.,  mm.  Hg 

100  ±7 

100±  11 

153  ±8  j 

153±0 

135  ±  1 

No.  animals 

0 

8 

0 

8 

t 

1  Bodv  wt.,  gm. 

184  ±5 

‘  180±  0 

103  ±  0 

1  183  +  10 

.  108-7 

28 

Blood  Press.,  mm.  Hg 

107+8 

1  100  +  10 

!  103  +  10 

173  +  11 

134  +  1 

1 

%  group  hypertensive 

1  Autopsi/  findings: 
j  Renal  lesions 

100 

100 

oo 

i  O 

,  0 

%  incidence 

78 

88 

0 

13 

1  0 

1  avg.  severity 

Cardiac  lesions 

+  + 

+  + 

0 

<  + 

0 

j  %  incidence 

80 

88 

0 

13 

0 

avg.  .severity 

+  + 

+  + 

0 

,  <  + 

i  0 

*  +S.E.  of  Mean. 

Odd  niimhered  groups  unineplireetomized  on  day  0,  even  numWered  groups  21  days  e  ir- 
lier. 
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1  ruling  in  rats  with  severe  hypertension  were,  with  a  single  exception, 
(.rnfined  to  animals  receiving  the  higher  dose  of  hormone  and  equally 
:  >)undant  and  severe  in  hoth  groups  at  this  dosage.  The  data  are  sum- 
I  irized  in  Table  2. 

DISCUSSION 

riie  evidence  obtained  from  the  first  experiment  was  entirely  confirma- 
t(  ry  of  that  obtained  in  similar  earlier  experiments  and  indicates  that  uni- 
n  phrectomized  rats  are  more  senstiv’e  to  the  hypertensive  effects  of  suit- 
a  le  quantities  of  DCA  when  a  degree  of  compensatory  hypertrophy  has 
1)  en  allowed  to  take  place  before  treatment  is  liegun,  than  those  in  which 
ti  e  hormone  treatment  is  instituted  on  the  day  of  operation.  This  experi- 
n  nt  indicates,  in  addition,  that  the  protective  mechanism  operative  in 
tl  e  latter  is  one  which  is  largely  if  not  entirely  confined  to  the  first  post¬ 
operative  week;  there  being  no  difference  in  response  between  animals 
lu  phrectomized  one  week  before  hormone  treatment  and  those  in  which 
a  two-week  interval  was  interposed  between  surgery  and  hormone  treat- 
nu'iit.  It  thus  coincides  with  the  most  active  phase  of  compensatory  renal 
li\  pertrophy  (7)  and  is  probably  related  to  some  physiologic  characteristics 
of  this  stage,  as  has  been  discussed  elsewhere  (1,  2). 

The  left  kidneys  of  Group  1  animals  weighed  498  +  15  mg.  TOO  gm. 
h(»dy  wt.  at  extirpation.  Two  weeks  later  the  left  kidneys  of  Group  3  ani¬ 
mals  weighed  417+ 13  mg.  TOO  gm.  at  extirpation.  Eight  animals  of  Group  1 
were  killed  at  this  time  and  the  right  kidneys  were  found  to  weigh  710  ±24 
mg.  TOO  gm.  When  hormone  treatment  began,  therefore,  animals  of 
(iroup  1  had  kidneys  which  were  72%  larger  than  those  of  Group  3.  Since 
tlie  former  were  much  more  respon.sive  to  treatment  than  the  latter,  it  may 
safely  be  inferred  that  the  .sensitization  afforded  by  uninephrectomy  can¬ 
not  be  ascribed  simply  to  a  reduction  in  functional  renal  ma.ss,  at  least 
insofar  as  this  can  be  accurately  assessed  by  weight.  Tlie  response  of  ani¬ 
mals  subjected  to  renal  constriction  by  a  figure-of-eight  ligature  indicates 
also  “that  if  an  incretory  function  of  the  kidney  regulates  blood  pressure  it 
is  not  a  function  of  renal  mass”  (8). 

The  failure  to  elicit  such  a  difference  in  response  at  either  the  2  mg. /day 
or  the  0.5  mg.  (lay  steroid  levels  was  unexpected  but  understandable.  At 
the  high  dosage  the  protective  mechanism  which  exists  during  the  most 
active  phase  of  kidney  hypertrophy  seems  to  have  been  overwhelmed  by 
the  metabolic  dy.sfunction  induced  by  DCA,  hence  all  animals  responded, 
regardless  of  the  stage  of  kidney  growth.  At  the  low  dosage,  on  the  other 
hand,  the  hormone  was  so  weakly  activ  e  that  by  the  time  it  began  to  exert 
an  effect,  there  had  ceased  to  be  any  real  difference  between  the  groups  in 
respect  to  the  completeness  of  compensatory  renal  hypertrophy.  As  the 
first  experiment  indicated,  it  is  the  first  week  of  active  compensatory  hy- 
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IKMtropliy  which  is  all  important,  hence  any  hormonal  etYect  which  is  n  it 
elTective  within  this  period  is  unlikely  to  he  determinant  in  the  difYereiu  s 
in  sensitivity  which  ditTerentiates  newly  uninejihrectomized  animals  frc.  a 
those  of  longer  standing.  Furthermore  compensatory  renal  hypertrophy  s 
complete  or  virtually  complete  in  the  rat  at  three  weeks  (7).  Therefore  aft  r 
three  weeks  of  hormonal  treatment,  the  renal  status  of  animals  uninephn  - 
tomized  at  the  beginning  of  hormone  treatment  will,  in  respect  to  coi  i- 
pensatory  hypertrophy,  he  the  same  as  that  of  littermates  operated  at  ai.y 
time  earlier,  and  no  difference  in  sensitivity  would  he  expected,  Tiie 
elicitation  of  differences  in  pressor  effects  of  D('A  as  related  to  complet  - 
ness  of  renal  hypertrophy  in  the  rat  thus  seems  to  he  best  demonstrati  d 
with  doses  close  to  1  mg.  day. 

Previous  experiments,  and  the  first  of  those  reported  herein,  compand 
the  response  of  animals  in  which  uninephrectomy  was  either  coincident 
with  beginning  hormone  treatment  or  preceded  it  by  either  one  or  two 
weeks,  hence  all  kidneys  were  undergoing  compensatory  hypertrophy  dur¬ 
ing  at  least  a  part  of  the  treatment  period,  hut  at  different  rates.  In  the 
second  of  the  present  experiments  the  comparison  was  between  newly  uni- 
nephrectomized  animals  and  those  operated  three  weeks  earlier.  Inasmuch 
as  compensatory  hypertrophy  is  complete  in  this  period  of  time,  the 
comparison  was  then  between  the  response  of  animals  with  rapidly  hypcM- 
trophying  kidneys  and  those  in  which  .such  growth  had  virtually,  if  not 
entirely,  ceased.  This  alone  may  have  accounted  for  the  failure  to  demon¬ 
state  a  difference  in  sensitivity  in  the  second  experiment.  Although  this 
seems  to  be  a  less  attractive  explanation  of  the  findings  than  that  presented 
earlier,  the  data  given  herein  do  not  permit  of  a  definitive  distinction  be¬ 
tween  the  alternatives. 
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AHSTRAC’T 

It  has  Ix'iMi  on  the  basis  of  invviously  presented  data  tliat  exof;;- 

enous  scpialene  ])otentiates  response  of  the  thymus  to  eortieotropin  (ACTH) 
in  liypopliyseetoinized  rats  by  serviiif!;  as  a  readily  utilized  preeursor  of  glueo- 
cortieoids.  Other  possible  explanations  have  now  been  studied  further.  At- 
teini)ts  to  demonstrate  that  the  potentiation  oeeiirs  b(>eause  spuahme  aets  as  a 
<tress-i)rodueinK  agent  or  direetly  as  a  thymolytie  agent  have  given  negative* 
results,  even  in  animals  with  impaired  adrenal-])ituitary  homeostatie  i)ath- 
ways,  sensitized  or  eonditioued  with  glueoeortieoids. 

Potentiation  has  been  erratie  in  oeeuirenee*  and  in  degiee,  but  it  has  now 
beeome  possible  to  rationalize  these  ineonsistc'iit  results.  The  data  indieate 
that  potentiation  ean  be  deteeted  by  thymus  involution  in  hypophyseetomized 
lats  when  the  levels  of  .\CTH  enijeloyed  i)ermit  the  inerements  of  eortieoids 
attributable  to  a  given  dose  of  squalem*  to  reinesent  a  measurable  jiroportion 
of  the  total  glueoeortieoids  synthesized.  When  this  situation  obtains  j)otentia- 
tion  oeeurs  even  in  an  experimental  ]K*riod  as  short  as  twenty-four  hours. 

S(^UALENE  injected  .suhcutaneously  for  .seven  days  enhances  the  ef¬ 
fectiveness  of  adrenocorticotropin  (ACTH)  as  measiire<l  by  adrenal 
weight  increa.se  and  thymic  involution  in  hypophy.sectoinized  male  rats 
(1).  This  evidence  is  con.sistent  with  the  idea  that  exogenous  scpialene  can 
serve  as  an  easily  utilized  precursor  of  glucocorticoids  vivo  and  supports 
tlie  hypothesis  that  squalene  is  a  natural  intermediate  in  steroid  hiogene- 
.sis  (2,  8). 

Acute  involution  of  the  thymus  is  a  measure  of  glucocorticoid  action 
(4, .))  hut  only  under  conditions  which  ensure  the  absence  of  other  thymo- 
lytic  factors  (h).  Attempts  to  identify  sipialene  as  a  thymolytie  agent  have 
given  negative  re.sults.  No  thymolytie  action  of  sipialene  per  sc,  indirect  or 
direct,  was  observed  in  intact,  adrenalectomized  or  hypophyseetomized 
rats  under  carefully  controlled  experimental  conditions  (1).  Not  ruled  out 

itooeived  Ajuil  2,  195S. 

'  This  work  was  supported  in  jiart  by  Rt'seareh  (irants  .\-309  and  .V-1092,  National 
Institute  of  .\rthritis  and  Metabolie  Diseases,  T.  S.  Public  Health  S(*rviee. 

*  Preliminary  reports  of  some  of  this  work  were  presented  at  the  Laui  entian  Hormone* 
Conference,  1955  and  at  the  Federation  Meetings,  195S. 
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by  previous  experimental  work  (1),  however,  was  the  possibility  that  a  li- 
rect  thymolytic  effect  of  squalene,  an  effect  not  mediated  through  the  d- 
renal,  might  be  revealed  in  the  absence  of  hormonal  homeostatic  mec!  a- 
nisms  if  the  thymic  tissue  were  “conditioned”  by  corticoids  (7).  Data  lu  re¬ 
in  presented  are  an  indication  that  glucocorticoids  do  not  have  a  role  in  p  r- 
mitting  a  direct  effect  of  squalene  on  the  thymus  to  become  apparent,  sii.ee 
squalene  has  not  been  found  to  enhance  the  thymolytic  action  of  coiti- 
costeroids  in  either  hypophysectomized  or  adrenalectomized  rats. 

Studies  are  also  reported  which  show  that  potentiation  by  squalene  of 
adrenal  and  thymic  responses  to  ACTH  can  occur  in  a  much  shorter  (  x- 
perin  ental  period  than  was  first  used.  Results  obtained  with  a  two-week 
experimental  period  have  been  confirmed  in  experiments  of  only  one  week’s 
duration,  and  augmentation  has  been  observed  within  twenty-four  hours 
after  the  beginning  of  ACTH  treatment. 

PROCEDURES 

.\11  rats  were  of  the  Sprague- Da wley  strain.®  They  were  shipped  when  twenty-two 
days  of  age  and  received  in  the  laboratory  the  next  day.  Hypophysectomized  rats  were 
operated  at  21  days  of  age,  one  day  before  shipment,  but  those  which  were  adrenaleeto- 
mized  and  castrated  were  operated  the  day  after  arrival  in  the  laboratory,  at  twenty-four 
days  of  age.  .\11  rats  were  fed  ad  libitum  a  diet  of  canned  meat  (Paid),  milk,  whole  wheat 
bread  soaked  in  water,  lettuce,  carrots  and  oranges.  .Vdrenalectomized  rats  received 
0.9%  NaCl  instead  of  taj)  water. 

Three  types  of  experiments  differing  primarily  in  duration  of  .\CTH  treatment  periods 
were  done.  .\CTH  was  given  for  5  days  in  the  two-week  experiment  (Table  1),  for  3  days 
in  the  one-week  experiments  (Fig.  1  and  Table  3)  and  for  1  day  in  the  five-day  experiment 
(Table  3).  Experiment  61 M,  a  two-week  study,  was  identical  in  jilan  to  experiments 
reported  previously  (1)  except  that  groups  given  cortisol  acetate,  and  cortisol  acetate 
plus  squalene  were  included.  Squalene  was  administered  daily  for  seven  days  from  27 
through  33  days  of  age.  .\CTH  and  cortisol  acetate  were  each  given  during  the  last  5  of 
these  7  days.  This  schedule  allowed  H  days  for  adrenal  regression  following  hypophy- 
sectomy  and  prior  to  the  beginning  of  treatment  with  .VCTH.  In  the  one-week  ex|)eri- 
ments  (66M,  71 M  and  75M),  .VCTH,  cortisol  acetate,  squalene  and  mineral  oil  were  all 
given  for  3  days,  after  allowing  3  days  for  postoperative  adrenal  regre.ssion  in  hypo|»hy- 
sectomized  animals  and  2  days  for  surgery  and  recovery  therefrom  in  adrenalectomized- 
castrated  animals  before  the  beginning  of  treatment.  In  Experiment  19D,  squalene  was 
administered  the  afternoon  of  the  twenty-fourth  day  of  age  and  both  squalene  and 
.\CTH  were  injected  at  9  a.m.  and  5  p.m.  on  the  twenty-fifth  day. 

.\utopsy  was  performed  in  all  experiments  16  to  24  hours  after  the  last  injections,  ex¬ 
cept  that  groups  indicated  as  initial  controls  were  sacrificed  the  day  injections  were 
begun  in  the  experimental  groups.  .\t  autojisy,  after  an  overdose  of  chloroform,  th\  mi 
and  adrenals  were  quickly  excised,  trimmed,  and  weighed  to  the  nearest  0.2  mg.  on  a 
Roller-Smith  torsion  balance. 

.\11  substances  were  injected  subcutaneou.sly  but  at  sites  far  enough  removed  from 
each  other  to  preclude  mixing  under  the  skin  when  more  than  one  substance  wa^  ad¬ 
ministered.  .\CTH^  was  given  as  a  single  injection  of  2  .\rmour  ITiits  per  0.1  ml  gel 

®  From  Hormone  .Vssay  Laboratories,  Inc.,  Chicago,  Illinois. 

*  .\rmour’s  .\CTHar  Gel,  20  .\rmour  L’nits  or  20  i.u.  per  ml.  Dilution  for  Exp.  191) 
waj-  with  the  gel  medium,  supplied  through  the  courtesy  of  Dr.  E.  A.  Fullgrab  •.  of 
the  .\rmour  Laboratories. 
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uiice  a  day  in  Exporiment  GUM  and  75M,  and  of  1.5  Armour  Units  per  0.075  ml.  gel  in 
'  xperiment  61 M.  In  Experiment  191),  eaeli  of  the  two  injections  of  ACTH  was  0.5  i.u. 
II  0.1  ml.  gel.  Each  dose  of  s(jualene*  or  mineral  oil®  was  0.2  ml.,  injected  as  0.05  ml.  at 
ich  of  four  closely  adjacent  sites,  in  all  experiments.  Cortisol  acetate"  was  administered 
1  the  amount  of  50  ^g.  per  0.1  ml.  of  a  saline  suspension  onee  per  day  in  Experiment 
1 M,  and  twice  per  day  in  the  amount  of  30  /ng.  0.1  ml.  of  a  saline  suspension  in  Experi- 
I  lent  71 M  and  75M. 


RESULTS 

''wo-week  experimental  period  {Exp.  61 M,  Tables  1  and  2) 

From  the  tabulated  data  it  i.s  apparent  that  squalene  doe.s  not  change 
the  thymic-involuting  action  of  corti.sol  acetate  under  experimental  condi¬ 
tions  parallel  to  those  which  permitted  augmentation  of  response  to  ACTH 


"  able  1.  (ExPERIME.VT  61  M)  .\1’GME.NTATI0X  by  Sgi  ALE.VE  OF  RESl’O.NSE  TO  .\CTH  BI  T  NOT 
TO  CORTISOL  ACET.ATE  I.V  H YPOI’H YSECTO.MIZEl)  RATS  TREATED  FIVE  DAYS 


i 

freatmeiit  (detail.s  in  text) 

No.  - 

of 

rats 

-Autopsy  data;  Mean  values +S.E. 

Body 

weight, 

gin. 

Thymus, 
mg. /1 00  gm. 
body  weight 

-Adrenals, 
mg. /1 00  gm. 
body  weight 

None  (initial  control.s) 

8 

46.5  +  1  .5 

321.6  +  23.0  i 

22.3+0.6 

.None  (final  controls) 

8  i 

59.3  +  1.1 

!  326.8+24.7 

13.7+0.6 

,S(|iialene  I 

63 .1+2.4 

275.3  ±17.5 

15.1  +0.7 

ACTN 

8  i 

58.4±1.7 

261.9  +  12.9 

20.2  +  1.2 

ACTH  -|-scjualene 

.54. 7  ±1.6 

1  125.0  +  14.5 

25.9  +  1  .3 

Cortisol  acetate 

!  8 

56.4  +  1.9 

1  255.8  +  21.2 

15.0+0.9 

Cortisol  acetate  -|-squalene 

I  8 

59.0  ±2.4 

^  264.3  +  12.8 

18.1+1  .7 

Table  2.  Statlstical  analysis 

)F  DATA  IN  TABLE  1;  P 

VALl’ES 

Treatments  compared 

Basis  of  comparison 

Relative  thymus  vvt. 

Relative  adrenal  wt. 

.ACTH  vs.  -ACTH -bsqualene 

Cortisol  acetate  vs.  cortisol  acetate -t-squalene 
.ACTH  vs.  final  controls 

Cortisol- acetate  vs.  final  controls 

Cortisol  acetate -l-squalene  vs.  final  controls 

Squalene  vs.  final  controls 

.\CTH  -f-squalene  vs.  initial  controls 

<0.001 

0.5 

0.05  0.02 

0.05 

0.2  -0. 1 

1  <0.001 

0.01-0.001 

0.2  -0.1 

0.001 

0.3  -0.2 
0.05-0.02 

0.2  -0.1 
0.05-0.02 

in  five  days.  xVlthough  the  amount  of  ACTH  which  by  itself  caused  a  20% 
decrease  in  relative  thymus  weight  was  three  times  as  effective  in  this  re¬ 
gard  in  squalene-treated  animals,  cortisol  acetate,  at  a  dose  level  which  also 
caused  a  20%  decrease  in  relative  thymus  weight  was  not  augmented  in  ef¬ 
fectiveness  by  simultaneous  .squalene  treatment.  Tendencies  toward  main¬ 
tenance  of  adrenal  weight  by  squalene  or  corti.sol  acetate  individually  were 

®  Purchased  from  Distillation  Products  Industries,  Division  of  Eastman  Kodak  Co., 
Rochester  3,  New  York. 

*  U.S.P.  heavy. 

'  Sharpe  and  Dohme’s  Hydrocortone  .\cetate,  25  mg.  per  ml.,  diluted  with  0.9%  NaCl. 
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additive  when  both  .substances  were  given.  ACTH  alone  maintained  rela¬ 
tive  adrenal  weights  at  pre-injection  levels  but  in  squalene-treated  animab 
the  .same  do.se  of  ACTH  produced  adrenals  .significantly  larger  than  tho>  • 
of  the  initial  controls.  Neither  thymus  nor  adrenal  weights  were  .signifi¬ 
cantly  different  from  final  control  levels  in  animals  given  only  squalene. 

Onc-week  experimental  period  {Exp.  75M,  Fig.  1 ;  Exp.  66M,  71 M  and  19Ij. 
Tables  3  and  4) 

From  the  graph  (Fig.  1)  it  can  be  seen  that  in  Experiment  75M  the  dos(' 
of  ACTH  used  cau.sed  a  small  but  .significant  decrea.se  of  17%  in  relativt' 
thymus  weight.  This  same  do.se  of  ACTH  administered  to  animals  also 
treated  with  squalene  produced  a  44%  decrease  in  relative  thymus  weight, 
a  respon.se  two  to  three  times  as  great  as  that  which  occurred  with  AC'Tll 
alone.  Simultaneous  treatment  with  mineral  oil,  a  mixture  of  saturated 


100  150  200  250 

Mean  Relative  Thymus  Weight 
(mg.  per  100  g.  of  body  weight) 


300  350 


Fig.  1  (Exp.  7.tM).  Potentiation  by  squalene  of  .\CTH-indueed  tfiymie  regression  a 
hypophyseetomized  rats.  Explanation  is  given  in  te.xt.  Numbers  of  animals  per  group  a  <• 
shown  in  parentheses. 
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Tablk  3.  Aigmextatiox  by  syi  alexe  ok  respoxses  to  AC'ril  bi  t  xot  to  cortisol 

ACETATE  IX  RATS  TREATED  THREE  DAYS  OR  OXE  DAY 


AC’TH 

1 

Autopsy  data;  Mean  values +  S.K. 

KxptTinit'nt 

mont 

p€*ri()d 

(days) 

Treatment  (details  in  text) 

of‘  ; 
rats  1 

Body 

weight, 

Rin. 

Thymus. 
iiifC.  1(K)  fKin. 

body  weight 

Adrenals, 
mg.  KM)  gm. 
body  weight 

6fiM 

|K)pliv«’<'toiiiizod 
Rats  ■ 

3 

None 

S<inalone 

At'TII 

A(’TH -t-s(|tialene 

8 

8 

8 

8 

54.1±  1.2 
57.!»±1.2 
53.6+1.1 
52.3±1.'.I 

333.6+17.4  , 
315.2+10.7 
188.5+14.3  , 
l(Ht.7±  6.7  ; 

10.0  +  0.8 
21.0  +  0.7 
30.0  +  0.7 
35.4  +  1.3 

71M 

ironalertoinizod- 
Castratod  Hats 

3 

;  None 

1  Squalene 

C'ortisol  aeetate 
('ortisol  aeetate  -fsqualene 

i  9  i 

9  ' 

i  9 

9 

65.!»  +  2.5 
65.:i  +  2.4 
:  66.!t±1.6 

H7.2±2.3 

421.4+16.7  ; 
418.5  +  33.1 
310.3+13.3 
276.5+14.3 

191) 

pophysoctoiuisod 

Hats 

1 

*  None 
.  Squalene 

ACTH 

ACTH  +squalene 

8 

<  8 

5 

6 

5D.5±  1 .7 
51.0+1.1 
50.6+1.2 
53.2±  1.1 

350.7  +  17.3 
334.4  +  15.3 
263. 0±  10.7 
222.3+  0.6 

22.0  +  1.7 
22.1  +  1.8 

25.511.3 

28.512.4 

1  ydrocarbons,  did  not  change  the  thyniolytic  response  to  ACTII.  A  dose  of 
f  ortisol  acetate  wliich  alone  caused  a  25%  decrease  in  relative  thymus 
V. eight  was  not  augmented  in  squalene-treated  animals,  even  though  75% 
(it  the  thymus  was  still  available  for  measuring  any  synergism  which  might 
have  occurred  between  these  two  substances.  No  effect  of  squalene  alone  on 
the  thymus  occurred  in  either  intact  or  hypophysectomized  controls.  Only 
the  data  for  thymus  weights  have  been  graphed  since  there  was  no  augmen¬ 
tation  of  adrenal  response  to  ACTH  in  this  experiment.  ACTII  did  main¬ 
tain  the  relative  adrenal  weight  (25.5  ±0.9  mg.  before  injection  as  com¬ 
pared  to  27.5  ±2.3  mg.  at  autopsy)  but  was  not  significantly  increased  in 
clfectiveness  by  squalene  treatment  (20.0  ±2.5  mg.). 

In  Experiment  OOM  the  same  dose  of  ACTII  as  used  in  Experiment  75M 
produced  a  43%  decrease  in  relative  thymus  weight  in  contrast  to  the  17% 
decrease  in  Experiment  75M.  Even  though  the  thyniolytic  response  to  the 
.VCTII  alone  was  as  great  as  the  augmented  response  in  Experiment  75M, 
significant  potentiation  by  scpialene  still  occurred,  the  relative  thymus 
weight  having  been  reduced  by  07%  in  the  group  given  both  substances. 
This  reT)resents  only  a  50%  increase  in  effectiveness  of  the  ACTH  on  the 
basis  of  decrease  in  thymus  weight,  instead  of  a  100  to  200%  increase  as 


Table  4.  Statistical  axalysis  ok  data  ix  table  3;  1’  valces 


I 

Basis  of  coin|)arison 

Exp.  Xo. 

Trout  nii'iits  coniparoii 

Relative 
thymus  wt. 

Relative 
adrenal  wt. 

fiO.M 

.\CrrH  vs.  .XCTH  -t-s(iUiiloiio  1 

<0.001 

0.01-0.001 

.\CTH  vs.  nono 

<0.001  i 

<0.001 

71M 

Cortisol  a<‘.  vs.  cortisol  ac.  ±s(pialone 

0.1 

— 

Cortisol  acetate  vs.  none 

<0.001 

— 

.\CTH  vs.  .\CTH±s(pialene 

0.02  0.01 

o.:i  -0.2 

191) 

1  .\CTH  vs.  none 

i  0.001 

:  0.2  -0.1 

Xone  vs.  .\C/TH  +sqiialene 

j  <0.001 

j  0.05-0.02 
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found  in  Experiment  7oM.  In  Experiment  GOM,  however,  ACTH-stimuh  - 
tion  of  adrenal  weight  increase  was  significantly  augmented  by  squalem 
This  has  been  observed  consistently  with  5-day  treatment  periods  but  wa^ 
not  found  in  Experiment  75 AI  or  in  other  experiments,  not  reported  hen  , 
in  which  3-day  treatment  periods  were  used. 

In  adrenalectomized-eastrated  male  rats  (Table  4,  Exp.  71 M),  the  th,\- 
molytic  effect  of  cortisol  acetate  was  not  significantly  altered  by  simul¬ 
taneous  treatment  with  squalene,  nor  did  squalene  per  se  have  a  tln  molytii- 
action. 

One-day  ACTH  treatment  {Exp.  19D,  Tables  3  and  4) 

.\CT1I  alone  produced  a  25%  decrease  in  relative  thymus  weight,  while 
in  animals  also  treated  with  squalene,  ACTII  caused  a  decrease  in  relative* 
thymus  weight  of  37%.  The  12%  difference  represents  a  s'atistically  sig¬ 
nificant  augmentation  of  ACTH  by  squalene.  Parallel  effects  on  the  rela¬ 
tive  adrenal  weights  were  not  observed.  It  should  be  noted,  however,  that, 
even  though  ACTH  alone  did  not  maintain  the  adrenals  at  a  relative 
weight  significantly  higher  than  that  of  the  untreated  controls,  a  greater 
relative  adrenal  weight  was  found  in  animals  treated  with  both  ACTH  and 
squalene. 


DISCUSSION* 

Experimental  results  have  been  presented  which  are  consistent  with  the 
idea  that  squalene  potentiates  the  thymolytic  action  of  ACTH  in  hypo- 
physectomized  rats  indirectly  by  serving  as  an  easily  utilized  precursor  of 
glucocorticoids  rather  than  directly  as  a  thymolytic  agent. 

Ingle  (7)  has  advanced  the  concept  that  “the  presence  of  cortical  hor¬ 
mones  is  required  to  support  normal  metabolic  responsiveness  to  stress.’’ 
On  the  other  hand,  Selye  and  Horava  (8),  and  Herlant  (9)  have  .suggested 
that  stress  increa.ses  responsivity  or  .sen.sitivity  to  adrenal  steroids.  The 
possibilities  existed  therefore  that,  if  the  adrenal-pituitary  pathway  of 
homeo.static  regulation  were  impaired,  .squalene  might  be  shown  to  have  a 
direct  thymolytic  effect,  as  a  stre.ssing  agent,  in  rats  “conditioned”  with 
glucocorticoids,  or  that  glucocorticoids  might  cai:.se  increased  thymic  re- 
gre.s.sion  in  rats  also  given  squalene. 

Data  from  three  experiments  designed  to  te.st  these  po.ssibilities  do  not 
.support  such  explanations  of  the  augmentation  of  ACTH  by  .squalene. 
Squalene  did  not  change  the  thymolytic  respon.se  to  cortisol  acetate  in  hv- 
pophysectomized  rats  in  either  of  two  experiments  (Table  1  and  Fig.  1).  In 
groups  run  simultaneou.sly,  however,  squalene  did  increa.se  two-  to  three¬ 
fold  the  effectivene.ss  of  ACTH,  the  dose  of  ACTH  having  been  adju.st  d 
so  as  to  bring  about  the  same  degree  of  thymic  regression  as  did  the  dos(  of 
corti.sol  acetate  given.  In  adrenalectomized-ca.strated  rats  (Table  3),  wi‘h 
thymus  weights  at  a  highly  sensitive  level,  cortisol  acetate  in  a  dose  whi  h 
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f  decreased  relative  thymus  weight  by  26%  caused  a  34%  decrease  in  ani- 

i  n  als  also  given  squalene.  This  difference  is  not  statistically  significant 

I  (r  =  0.1)  and  certainly  is  not  comparable  to  the  observed  two-  to  three- 
^  f(  Id  increase  in  effectiveness  of  ACTH.  It  is  therefore  probable  that  squa- 
k  iie  augments  ACTH  otherwise  than  by  imposing  stress. 

Failure  of  squalene  to  enhance  glucocorticoid  action  may  therefore  be 
ill  erpreted  as  additional  indirect  evidence  consistent  with  the  idea  that 
siiualene  augments  ACTH  action  because  it  is  utilized  as  a  precursor  of 
gl  icorocticoids.  8qualene  augmentation  of  response  to  ACTH  in  experi- 
n.cnts  of  short  duration,  even  witli  only  twenty-four  hours  of  ACTH  treat- 
!  n  nt,  implies,  furthermore,  that  .squalene  is  a  preferentially  utilized  pre¬ 
cursor  of  glucocorticoids,  i.e.,  that  it  is  used  even  prior  to  exhaustion  of 
^^)res  of  other  precursor  substances.  Such  preferential  utilization  of  squa- 
Iciie  in  liver  cholesterol  biosynthe.sis  has  been  suggested  by  results  of  work 
With  liver  slices  (11).  Loud  (12)  has  interpreted  studies  on  the  turnover  of 
li  er  squalene  in  relation  to  chole.sterol  synthe.sis  in  vivo  to  mean  that  the 
.scjualene  of  rat  liver  is  “separable  metabolically  into  a  small  active  compo- 
;  lunt  (possibly  enzyme-bound)  and  a  larger,  relatively  inert  pool.”  If  a 
parallel  situation  exists  in  the  adrenal,  exogenous  .squalene,  in  potentiating 
rc'ponse  to  ACTH,  appears  to  be  utilized  more  as  the  “active  component” 
than  as  part  of  a  relatively  inert  pool. 

}  If,  as  propo.sed  by  Haynes  and  Berthet  from  in  vitro  .studies  (13),  one 
i  major  mechanism  by  which  ACTH  stimulates  corticosteroid  synthesis  in 

!  vivo  is  by  promoting  the  generation  of  reduced  triphosphopyridine  nucleo¬ 
tide  (TPNH),  it  may  well  be  that  supplying  exogenous  precursor  permits 
S  a  better  utilization  of  the  TPNH  generated  under  ACTH  influence. 

Koritz  and  Pt'ron  (14)  have  recently  reported  re.sults  from  studies  in 
!  vitro  which  indicate  that  in  addition  to  stimulating  the  formation  of  re¬ 
duced  TPN,  ACTH  also  acts  to  make  corticoid  precursor  available  in  a 
controlled  manner,  gradually  but  never  completely,  from  some  “enzymat¬ 
ically  unavailable”  storage  form,  for  cortico.steroidogene.sis.  Freezing  the 
adrenal  ti.s.sue,  however,  is  postulated  by  them  (14)  to  release  the  bound 
precursors  all  at  once  in  an  uncontrolled  manner.  They  found  that  tissue 
previously  frozen,  although  unable  to  respond  to  additional  ACTH  (13), 
could  respond  dramatically  with  increased  corticosteroid  production,  when 
TPNH  availability  was  increased  (14),  even  without  added  ACTH.  Even 
at  maximal  ACTH  stimulation  in  normal  tissue,  availability  of  precursor 
compounds  was  limiting.  Evidence  from  the  work  of  others,  then,  is  con¬ 
sistent  with  our  idea  that  exogenous  squalene  acts  in  vivo  to  augment 
ACTH  action  because  .squalene  serves  as  a  readily  available  precursor  of 
glucocorticoids.  Our  findings,  in  turn,  can  be  interpreted  as  indicating  that 
mechanisms  of  ACTH  action  observed  in  vitro  also  function  in  vivo. 

Tentative  formulation  of  the  relationship  between  the  effect  of  ACTH 
alone  and  its  augmentation  by  squalene  becomes  po.ssible  when  thymic  re- 
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jiression  data  from  different  experiments  are  made  comparable  by  conv  r- 
sion  to  per  cent  decrease  in  relative  thymus  weights  and  graphed  as  m 
Figure  2.  Because  tliymic  regression  responses  to  ACTH  have  been  oi  ly 
roughly  reproducible  on  the  basis  of  dosage,  the  per  cent  decrease  in  rci  i- 
tive  thymus  weight  in  response  to  ACTH  has  been  substituted  for  dos;!i;e 
on  the  abscissae.  Per  cent  decreases  in  relative  thymus  weight  attributal  Ic 
to  squalene,  when  both  ACTH  and  squalene  were  given,  have  been  plotiv d 
as  ordinates. 


Fig.  2.  Rolationshij)  of  ivduction  in  relative  thymus  weight  hy  .VCTH  alone  to  re- 
(luetion  in  relative  thymus  weight  hy  squalene  when  this  hydroearhon  is  administered 
to  ACTH-treated,  hypophyseetomized  rats. 


Experiments  of  the  two  main  types  u.sed  thus  far  have  been  graphed 
(Fig.  1)  for  purpo.ses  of  di.scu.ssion.  Many  more  data  would  be  rerjuired  to 
ptMinit  statistically  reliable  curves  to  be  drawn.  The  data  available  allow 
only  the  approximations  shown.  In  the  two-week  experiments,  peak  aug¬ 
mentation  by  squalene  occurred  when  ACTH  alone  produced  approxi¬ 
mately  20  to  25%  decrease  in  relative  thymus  weight,  whereas  in  the  ouc- 
week  experiments,  maximal  potentiation  was  observed  when  ACTH  ah  ne 
did  not  have  significant  involuting  effect.  If  local  absorption  of  .squaleiu  at 
depot  sites  and  its  uptake  by  the  adrenal  be  the  same  for  all  experiment'  of 
the  same  duration,  the  implications  of  the.se  curves  are  that  low  “do.ses'  of 
ACTH  do  not  permit  maximal  conversion  of  available  squalene  to  gh.  o- 
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•orticoids  and  tliat,  beyond  the  point  of  maximal  augmentation,  the 
greater  the  effect  of  ACTH  alone,  the  less  is  tlie  utilization  of  scjualene  in 
•ortieoid  biogenesis.  If,  as  the  dose  of  ACTH  is  increased,  tlie  amount  of 
(lualene  available  to  the  adrenal  increases  (as  might  be  possilde  for  cx- 
imple  on  the  basis  of  increased  blood  supply  to  the  gland),  tlie  maximum 
ugmentation  would  occur  at  tlie  intersection  of  the  regression  lines  of  in- 
reasing  squalene  supply  to  the  adrenal  and  decreasing  s(iualene  utilization 
(1  corticoid  biogenesis.  The  positive  .slope  of  the  curve  of  squalene  supply 
ould  necessarily  have  to  be  smaller  than  the  negative  slope  of  the  curve  of 
-.)ualene  disappearance  due  to  utilization. 

It  seems  more  probable  that  the  curves  in  Figure  2  are  the  resultants  or 
the  algebraic  sum  of  many  variables.  Some  of  these  variables  are  deternii- 
iiants  of  the  rates  of  glucocorticoid  .synthesis,  others  of  glucocorticoid  re- 
lase,  transport,  destruction  or  action,  and  still  others,  of  thymic  re- 
>|)onsiveness.  Despite  the  involvement  of  all  these  factors,  it  is  possible  to 
resolve  the  matter  by  assuming  that  the  curves  represent  the  action  of  the 
clfective  amounts  of  glucocorticoids  attributable  to  scpialene  converted.  On 
this  basis,  the  a.scending  limbs  of  the  curves  are  in  accord  with  hypothesis, 
'riiat  the  inflection  of  the  curves  and  the  descending  limbs  represent  a  de¬ 
creased  utilization  of  srpialene  is  more  difficult  of  acceptance. 

An  alternative  interpretation  is  possible.  Decrea.se  in  relative  thymus 
weight  has  been  shown  to  be  linear  to  the  log  of  the  dose  of  glucocorticoid 
(4,  o)  or  ACTH  (10).  That  is,  production  of  each  .siicce.ssive  etpial  decre¬ 
ment  of  thymus  weight  re(iuire<  a  ten-fold  increase  in  hormone  admini.s- 
tcred  or  produced.  That  the  curves  (Fig.  2)  do  not  level  off  at  max'mal  aug¬ 
mentation  but  instead  decrease  to  zero  as  the  do.se  of  ACTH  is  increa.sed 
further  probably  indicates  that,  although  the  amount  of  glucocorticoid  de¬ 
rived  from  squalene  remains  relatively  con.stant,  it  constitutes  a  diminish¬ 
ing  fraction  of  the  increasing  total  glucocorticoid  production.  This  would 
explain  why  significant  augmentation  has  not  occurred  at  the  higher 
“doses”  of  ACTH.  That  is,  augmentation  decreases  as  squalene  becomes 
limiting.  Pursuing  the  argument  further  leads  to  the  prediction  that  in¬ 
crease  in  the  effectively  absorbed  dose  of  squalene  will  provide  for  measur¬ 
able  augmentation  of  higher  “doses”  of  ACTH,  within  the  limits  of  the 
thymus  assay. 

It  may  be  po.ssible  to  estimate  the  amounts  of  glucocorticoid  attributable 
to  different  do.ses  of  squalene  administered  with  each  of  several  do.ses  of 
ACTH  by  means  of  reference  to  a  simultaneously  determined  dose  response 
curve  for  a  glucocorticoid.  Within  the  limits  of  experimental  error,  the 
amounts  of  glucocorticoids  thus  estimated  to  arise  by  synthesis  from  any 
cue  dose  of  .squalene  should  be  constant  or  increased  with  increasing  doses 
of  ACTH.  This  hypothesis  is  now  being  tested  experimentally. 

Definitive  squalene  augmentation  of  ACTH-induced  thymic  regre.ssion 
i'.i  intact  rats  has  not  occurred  in  six  experiments  with  doses  of  ACTH 
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which  decreased  relative  thymus  weight  from  5  to  50%.  In  several  expeii- 
ments  thymus  regression  in  response  to  ACTH  and  squalene  appeared  o 
he  greater  than  to  ACTH  alone,  hut  the  increased  response  was  not  stati  - 
tically  significant.  On  one  occasion,  when  ACTH  caused  a  5.5%  reducti(  a 
in  relative  thymus  weight,  not  a  statistically  significant  effect,  the  decrease 
which  occurred  in  response  to  both  ACTH  and  squalene  was  statisticaliy 
significant.  It  appears  that  exogenous  squalene  may  he  utilized  as  a  pic- 
cursor  of  adrenal  corticoids  in  intact  rats  hut  that  preconditioning  hy  en¬ 
dogenous  glucocorticoids  makes  thymic  involution  an  even  more  insenti- 
tive  measurement  than  it  is  in  hypophysectomized  rats.  The  normal  rats 
used  have  had  a  mean  relative  thymus  weight  of  approximately  250  mg.  in 
contrast  to  the  325  mg.  average  weight  found  in  the  hypophysectomizcil 
rats  of  the  same  age,  a  23%  difference.  In  addition,  augmentation  can  mo>t 
easily  he  demonstrated  at  a  low  dosage  level  of  ACTH,  a  level  at  which 
compen.sation  hy  homeostatic  mechanisms  would  occur  in  intact  rats.  .V 
more  sensitive  technique  will  he  required  to  determine  whether  squalene 
is  utilized  hy  intact  rats  as  readily  as  it  appears  to  he  hy  hypophysecto¬ 
mized  rats. 


A  cknou'ledgmeuts 

The  author  is  grateful  to  Dr.  Richmond  W.  Smith,  Jr.,  for  his  interest  in  this  work  and 
for  eritieal  reading  of  the  manuscript.  Competent  technical  assistance  was  given  In- 
Messrs.  Donald  Nemec,  James  Dilhoeffer,  Joseph  Sciarroto  and  Jerome  Dudley  in 
Cleveland  and  by  Miss  Jalileh  Mansour,  Miss  Lillian  Arakelian  and  Mr.  Hakchill  Chan 
in  Detroit. 


REFERENCES 

1.  Klink,  1.  T.:  Endocrinology  61:  S5.  1957. 

2.  Langdon,  R.  G.  and  K.  Bloch:  J.  Biol.  Chem.  200:  135.  1953. 

3.  Buchkk,  N.  L.  R.  and  K.  McGarrahan:  J.  Biol.  Chem.  222:  1.  1956. 

4.  Santlstkban,  G.  a.  and  T.  F.  Dougherty:  Endocrinology  54:  130.  1954. 

5.  Stephenson,  N.  R.:  Canad.  J.  Biochem.  and  Physiol.  32:  6S9.  1954. 

6.  Dougherty,  T.  F.:  Physiol.  Rev.  32:  379.  1952. 

7.  Ingle,  I).  J.:  .Ida  Endocrinol.  17:  172.  1954. 

S.  Selye,  H.:  “Second  -\nnual  Report  on  Stre.ss,”  Second  ed.  Grune  &  Stratton  Com¬ 
pany,  New  York,  1952. 

9.  Herlant,  M.:  Proc.  Soc.  Exper.  Biol,  and  Med.  73:  399.  1950. 

10.  Thompson,  R.  E.  and  J.  1).  Fisher:  Endocrinology  52:  496.  1953. 

11.  Langdon,  R.  G.  and  K.  Bloch:  J.  Biol.  Chem.  200:  135.  1953. 

12.  Loud,  A.  V.:  Fed.  Proc.  15:  122.  1956. 

13.  Haynes,  R.  C.,  Jr.  and  L.  Berthet:  J.  Biol.  Chem.  225:  115.  1957. 

14.  Koritz,  S.  B.  and  D.  W.  Peron:  J.  Biol.  Chem.  230:  343.  195S. 


THE  DIAHETK^  RESPONSE  OF  GEESE 
TO  PANC^REATECTOMY‘ 

1.  ARTHUR  MIRSKY  and  SIMON  GITELSON^ 

Department  of  Clinical  Science,  I’niversity  of  Pittsburg'i  School  of  Medicine, 
Pittsburgh,  Pennsylvania 

ABSTRACT 

Removal  of  the  panereas  together  with  the  gastrointestinal  traet  results  in 
a  marked  impairment  in  the  utilization  of  glucose  and  in  an  inhibition  of  the 
hypoglycemic  response  to  tolbutamide  in  the  goose  but  not  in  the  duck. 

rHE  utilization  of  carbohydrates  does  not  appear  to  be  impaired  sig¬ 
nificantly  in  the  depancreatized  chicken  or  duck  (1,2,  3,  4,  5,  0).  Like- 
\\i.se  these  birds  show  no  impairment  in  the  hypoglycemic  respon.se  to 
lolbutamide  after  pancreatectomy  (7).  The  present  report  deals  with 
, 'Indies  which  reveal  that  unlike  the  chicken  or  duck,  the  goose  develops  a 
diabetic  syndrome  in  the  ab.sence  of  the  pancreas. 

METHODS 

Domestic  ducks  (Pekin  strain)  and  geese  (Emden  and  Toulouse  strains)  of  from  2  to 
")  kilograms  body  weight  were  used  in  this  study.  The  blood  sugar  response  to  the  intra¬ 
venous  injection  of  0.1  unit  insulin  per  kilogram  body  weight  was  determined  before 
|)ancreatectom3'.  The  respon.se  to  the  intravenous  injection  of  1.75  gm.  glucose  per  kg. 
body  weight  was  determined  before  and  after  removal  of  the  pancreas  as  was  also  the 
response  of  another  group  of  ducks  and  geese  to  50  mg.  tolbutamide  per  kg.  body  weight, 
before  and  after  the  intravenous  injection,  samples  of  venous  blood  were  taken  at  in¬ 
tervals  from  an  exposed  wing  vein  or  from  an  exposed  jugular  vein.  The  concentration 
of  glucose  in  the  blood  was  determined  by  the  Nelson  procedure  (S). 

In  order  to  ensure  the  complete  removal  of  the  pancreas  and  of  any  accessory  pan¬ 
creatic  tissue,  the  pancreas  was  removed  together  with  the  entire  gastrointestinal  tract 
from  the  esophagus  to  the  rectum.  The  cloaca  was  left  intact  in  the  rectal  stump  in  order 
to  allow  the  free  pas.sage  of  urine.  Care  was  taken  to  avoid  tying  the  hepatic  artery;  its 
|)atency  anti  continuity  from  its  origin  in  the  celiac  arteiy  and  posterior  aorta  to  its 
entrance  into  the  liver  was  established  by  i)ost-mortem  examination.  The  enterectomy 
was  performed  under  ether  ane.sthesia  which  permitted  the  fowl  to  recover  rapidly  aftt'r 
the  termination  of  the  operation.  Such  birds  have  survived  as  long  as  24  hours. 

RESULTS  AND  DISCUSSION 

That  the  metabolism  of  carbohydrate  is  essentially  the  .same  in  the  nor¬ 
mal  duck  and  goose  is  suggested  by  their  responses  to  the  admini.stration 
of  insulin  (Fig.  1)  and  of  glucose  (Fig.  2).  Although  the  normal  duck  devel- 
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Fig.  2.  Ihe  glucose  tolerance  of  ducks  and  k<'<'sc  before  and  after  removal  of  tlie 
pancreas.  Each  curve  represents  the  mean  (#)  +S.E.  (shaded  area)  blood  sugar  concen¬ 
tration  of  six  birds  for  an  hour  before  and  five  hours  after  the  injection  of  1.75  grai  < 
glucose  per  kilogram  body  weight.  The  enterectomy  was  completed  one  hour  before  tl  e 
injection  of  the  glucose. 
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)ped  a  smaller  hypoglycemic  response  during  the  first  thirty  minutes  after 
he  exogenous  insulin,  the  overall  response  is  essentially  the  same  in  both 
'pecies. 

Immediately  after  the  removal  of  the  pancreas  together  with  the  gastro- 
iitestinal  tract,  the  blood  sugar  concentration  increased  from  131  ±3.0  to 
48+0.8  mg.  %  in  the  ducks  and  from  128.2+5.9  to  101.4  ±13.0  mg.  % 
1  the  geese.  At  the  end  of  the  first  hour  after  the  enterectomy,  however, 
he  blood  sugar  of  the  ducks  was  back  to  the  preoperative  level  of 
20.8  ±12  mg.  %  while  that  of  the  geese  rose  to  183.8  ±  14.4  mg.  %. 

The  effect  of  the  injection  of  1.75  gm.  glucose  per  kg.  body  weight  on  the 
hlood  sugar  concentration  of  enterectomized  ducks  and  geese  is  depicted  in 
’igure  2.  It  is  apparent  that  the  enterectomy  produced  a  decrease  in  the 
Kite  of  glucose  removal  from  the  blood  of  both  the  ducks  and  geese.  In  the 
■  iucks,  however,  the  Idood  sugar  returned  to  the  pre-injection  level  within 
;>  hours  while  in  the  gee.se  the  hyperglycemia  was  much  greater  and  per- 
Msted  for  more  than  5  hours.  In  some  instances  the  gee.se  were  not  .sacri¬ 
ficed  before  24  hours  after  the  enterectomy  at  which  time  they  still  ex- 
liibited  a  marked  hyperglycemia. 

The  effect  of  the  intravenous  injection  of  50  mg.  tolbutamide  per  kilo- 


Fig.  3.  Tlie  response  of  normal  and  (lejianereatizi'd  ducks  and  geese  to  toll)Utainide. 
I.ach  curve  rei)resents  the  mean  (#)  +S.E.  (sfiaded  arc'a)  l)lood  sugar  concentration  of 
MX  birds  expressed  as  the  per  cent  of  that  l)efore  the  injection  of  .50  mg.  toliiutamide  iier 
lilogram  hoch-  weight. 
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gram  body  weight  on  the  blood  .sugar  of  normal  and  enterectomized  duck.'^ 
and  gee.se  is  illustrated  in  Figure  3.  Both  normal  ducks  and  gee.se  respondec 
to  the  tolbutamide  with  a  .significant  decrease  in  the  blood  sugar  concentra¬ 
tion.  Removal  of  the  pancreas  re.sulted  in  no  significant  impairment  in  th( 
hypoglycemic  response  of  the  duck.  The  enterectomized  goose,  however 
developed  no  hypoglycemic  response  to  the  injection  of  tolbutamide. 

The.se  data  are  in  accord  with  earlier  ob.servations  that  removal  of  tlu 
pancreas  from  the  duck  produced  no  significant  impairment  in  the  utiliza¬ 
tion  of  injected  glucose  (6)  or  in  the  hypoglycemic  respon.se  to  tolbutamide 
(7)  other  than  that  attributable  to  the  ane.sthesia  and  the  trauma  of  th( 
operation.  The  same  procedure  in  the  goo.se  re.sulted  in  an  impairment  in 
glucose  utilization  and  in  the  hypoglycemic  respon.se  to  tolbutamide.  Ac¬ 
cordingly,  the  goo.se  behaves  in  this  respect  like  most  mammals. 

Whereas  the  depancreatized  chicken  and  duck  do  not  develop  the  meta¬ 
bolic  derangement  of  diabetes  mellitus,  removal  of  the  pancreas  from  the 
hawk  and  owl  (2,  3,  9)  results  in  a  marked  impairment  in  carbohydrate 
metaboli.sm.  Such  ob.servations  prompted  the  hypothesis  that  the  innate 
food  habits  of  the  species  played  some  role  in  determining  the  susceptibility 
to  the  diabetic  syndrome.  The  data  reported  herein  cast  much  doubt  upon 
the  validity  of  this  hypothesis  since  the  goose,  an  herbivorous  bird,  de¬ 
velops  a  marked  impairment  in  the  utilization  of  glucose  after  removal  of 
the  pancreas. 
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MEASUREMENT  OF  FREE  CORTICOSTEROIDS  IN 
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Houston,  Texas 

ABSTRACT 

Levels  of  free  jjliisina  eortieosteroids  (expressed  as/xg.  Compound  B  100  ml. 
plasma)  have  been  measured  routinely  in  2  ml.  of  rat  plasma  using  a  method 
based  on  fluorescenee  of  Compound  B  in  H.,S04.  Resting  levels  are  9  to  15 
/ig.  100  ml.  After  stress,  levels  inerease  up  to  500%.  After  total  adrenalectomy 
or  hypophyseetomy  readings  correspond  to  3. 5-6.5  /xg./ 100  ml.  There  is  no 
change  upon  exposure  to  stre.ss  of  the  adrenalectomized  or  hypophysectomized 
animal.  Intra-venous  injection  of  0.1  to  1.0  milliunit  of  .\CTH  I'.S.P.  Standard, 

24  hours  after  hypophyseetomy  increases  the  concentrations  of  corticoids  in  a 
linear  log-dose  response,  .\fter  adrenalectomy  .\CTH  is  without  effect.  In  the 
hypophysectomized  animals,  large  doses  of  highly  purified  FSH,  LH,  TSH, 
STH,  a-MSH  and  arginine  vasojuessin  have  no  effect  on  the  corticoid  levels. 
C’onsiderable  stimulation  of  corticoidogenesis  can  be  observed  in  the  absence 
of  detectable  changes  in  the  adrenal  ascorbic  acid  concentrations  when  the 
two  variables  are  measured  simultaneously  in  the  same  hypophy.sectomized 
animals. 

A  SIMPLE  method  based  on  the  fluore.scenee  of  corticosterone  in  sul¬ 
furic  acid  was  recently  devised  by  Silber  to  measure  levels  of  “free” 
corticosteroids  in  small  volumes  of  plasma  (1).  This  report  is  a  summary  of 
experiments  performed  to  assess  the  validity  of  this  method  in  various  ex¬ 
perimental  conditions.  Two  preliminary  notes  on  some  of  these  data  have 
l^een  published  elsewhere  (2,  3). 

MATERIALS  AM)  METHODS 

1.  Animals.  .Approximately  700  animals  were  u.sed  in  the  experiments  reported  here; 
tliey  were  male  rats,  weighing  160-210  gm.  obtained  from  Holtzman  Farms  in  Houston 
and  Madison.  Females  were  u.sed  in  a  series  of  experiments  devoted  to  a  .study  of  the 
relationships  between  the  ovarian  cycle  and  the  resting  levels  of  j)lasma  corticosteroids; 
stages  of  the  cycle  (proestrus,  estrus,  diestrus)  were  assessed  for  7  days  before  measure- 
nient  of  corticosteroid  levels  by  daily  vaginal  smears  stained  with  1%  toluidine  blue. 
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Bilateral  adrenalectomies  were  performed  throusL  lumbar  incisions  under  etln 
anesthesia;  the  animals  were  maintained  with  0.9%  NaCl  as  drinkins  fluid;  some  r 
eeived  desoxyeortieosterone  acetate  s.c.  as  a  suspension  in  oil  at  a  dose  of  50  da- 
Several  groups  were  also  castrated  at  the  time  of  bilateral  adrenalectomy.  Hypt)ph; 
seetomies  were  performed  by  Hormone  .\ssay  Laboratories,  Chicago;  the  animals  wei 
received  12  to  15  hours  after  operation. 

2.  Stressing  procedures.  Several  types  of  stress  were  used;  exposure  of  the  left  eon 
mon  carotid  artery  followed  by  injection  of  0.2  ml.  NaCl  0.9%  and  tying  of  the  vessel  1 
minutes  after  injection  of  pentobarbital  (4.5  mg./lOO  gm.  B.W.,  i.p.);  bilateral  fractui 
of  tibia  and  fibula  (the  animals  received  pentobarbital  as  above  at  the  same  tinn 
anestlu'sia  being  so  induced  in  approximately  4  minutes);  the  intraijeritoneal  injectioa 
of  i)entobarbital  consider(“d  as  a  minor  sensory  stress  was  used  in  .several  experiment-^ 

3.  Sampling  of  blood.  Several  methods  were  used  for  obtaining  “resting  levels”  ni 
corticosteroids.  Blood  was  collected  (a)  in  hei)arinized  b(>akers  from  the  trunk  of  rat> 
rapidly  decapitated  in  the  animal  room;  (b)  in  heparinized  syringes  from  the  juguliir 
vein  in  rats  given  pentobarbital  (S  mg.  100  gm.  B.W.,  s.c.)  30  to  40  minutes  previously; 
(c)  from  the  abdominal  aorta  in  rats  given  i)entobarbital  (4.5  mg.  100  gm.  B.W.,  i.|),) 
30  to  40  minutes  j)reviously;  (d)  from  the  abdominal  aorta  of  rats  given  pentobarbital 
(as  in  c)  at  time  zero,  mori)hine  sulfate  (i.p.,  2.0  mg.  100  gm.  B.W.)  at  +25  minuto. 
blood  iM'ing  sampled  at  +55  minutes.  .Ml  animals  given  i)entobarbital  and  mori)hinc 
w(‘re  kept  on  an  (dectric  blanket  maintaiiu'd  at  3.S®  C  under  a  Incite'  box  in  an  atmosi)herc 
of  95%  ().,,  5%  C'().j.  For  i)rocedures  (c)  and  (d)  the  total  time  for  sampling  the  bhxid 
i.c.  from  opening  the  skin  to  withdrawing  from  the  aorta  the  5  ml.  syringe  full  of  blood, 
mu.st  be  ^40  seconds.  This  last  procedure  was  adopted  for  all  “exi)erimental”  animals 
after  having  been  assessed  in  a  series  of  “controls”  for  obtaining  resting  levels  of  corti¬ 
costeroids.  Hyi)oi)hysectomiz<'d  or  adrenalectomized  animals  were  bled  from  the  ab¬ 
dominal  aorta  under  ether  or  pentobarbital  anesthesia.  .\11  blood  samplings  were  done 
between  7:00  .\.M.  and  12:00  .\.m. 

Within  90  st'conds  after  withdrawal,  blood  samples  were  centrifuged  and  the  i)lasma 
separated.  Plasma  samples  were  then  kept  frozen. 

4.  .Measurement  of  the  plasma  cortieosteroids  and  adrenal  aseorbie  acid  coneentration.‘<. 
l)('termination  of  the  jrlasma  free  corticosteroids  was  carried  out  on  2  ml.  alirpiots  nf 
])lasma  accoifling  to  the  method  of  Silber  (1)  the  main  modificatimi  being  that  a  Farrand 
(Model  .\)  fluorometer  was  used  with  the  filter  system  suggested  by  Sweat  (4). 

In  several  experiments,  pooh'd  samples  of  rat  plasma  wen'  ('xtracte  1  according  to  tlu' 
above  method  and  chromatographed  in  the  K2B  system  of  Kberlein  (5).  .\drenal  ascorbir 
acid  concentrations  were'  measured  by  the  method  of  Roe  and  Kuether  (fl)  in  which  the 
4  hour  incubation  i)eriod  at  37°  C  was  replaced  by  a  15  minute  incubation  in  boiling 
water. 

5.  Drugs  and  hormonal  preparations.  Two  preparations  of  heparin  wen'  used:  Litjuai  - 
min  Sodium.  1000  I'SP  u.  ml.  (Organon,  Inc.)  and  Heparin  Sodium,  10,000  FSP  u.  ml. 
(.Vbbott  Lal)oratories).  Pentobarbital  sodium,  as  crystalline  Nembutal  (.Vbbott  Labora¬ 
tories)  was  freshly  dis.solved  in  0.9%  NaCl  solution  before  each  experiment.  K|)ine|)hririC 
soluble  salt,  1  mg.  tablets  (d'he  Cpjohn  Co.),  d-l  norepinephrine  HC’l  (Winthrop- 
Stearns  Inc.),  .5-hydro.xytryptamine  as  serotonine  creatinine  sulfat('  (The  Lilly  Ri'.scan  li 
Laboratories)  were  dissolved  in  aliquots  of  plasma  from  their  crystallini'  forms  f'T 
various  experiments. 

r.S.P.  ('orticotropin  Reference  Standard  (1.14  u.,  mg.)  was  u.sed  exclusively  in  ■  !1 
experiments  where  effects  of  .\CTH  were  studied.  Hence  .\CTH  as  u.sed  in  this  text  w  11 
refer  to  the  present  CSP  Reference  Standard  for  Corticotropin.  Highly  purified  arginiii  - 
vasopressin  (3S0  u.  mg.)  had  been  prepared  by  the  method  of  Ward  and  Guillemin  (7 .. 
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Gi  'vvth  hormone  (STH,  1.3  i.u.  mg.)  of  bovine  origin  had  been  prej)ared  by  a  modifiea- 
ti<  1  of  the  method  of  Wilhelmi  and  Fishman  (N).  Follicle  stimulating  hormone,  (FSH, 
3(  <  .\rmour  Standard)  of  porcine  origin  had  been  prepared  by  the  method  of  Steelman 
el  /.  (9).  Luteinizing  hormone  (LH,  1  X-\rmour  Standard)  of  ovine  origin  was  prepared 
by  the  method  of  Ward  (10).  Thyrotrophie  hormone  (TSH,  1.0  u.  mg.)  of  bovine  origin 
h:  1  been  prepared  by  the  method  of  Condliffe  (11).  a-MSH  of  j)oreine  origin  had  been 
[)!  pared  by  the  method  of  Steelman  (12). 

EXPERIMENTAL 

The  method  for  detm  inining  ])lasma  eortieoids  as  utilized  here  detects  easily  0.02  /ig. 
ot  ortieo.sterone  with  recoveries  from  water  of  105.0%  ±  1.2  and  from  i)lasma  of  100.3% 
0.4  at  eoneentrations  ranging  from  0.1  /ng.  ml.  to  2.0  jug.  ml.  (Table  1  .V).  These  results 
pi  ifirm  the  data  obtained  by  Sillau-  (1).  Pools  of  plasma  were  pre])are<l  and  distributed 
ill  2.2  ml.  aliquots  and  kept  frozen  for  subsequent  determinations  to  cheek  reproducibility 
0  the  method.  The  reproducibility  of  the  results  obtained  in  a  given  sample  is  excellent 
a' d  it  would  apjM'ar  that  there  is  no  appreciable  variation  of  the  corticosteroid  concen- 
ti  itioii  with  storage  of  the  plasma  in  the  frozen  state  (Table  IB). 

Chromatographic  analysis  of  the  chloroform  extract  of  pooled  rat  plasma  revealed 
oiily  one  spot  having  the  mobility  of  corticosterone.  In  several  exiMuiments  the  amount 
oi  corticosterone  in  this  area  was  determined  by  fluorometry.  It  was  >91%  of  the 
v.ilue  for  “corticosteroids”  as  measured  in  the  original  plasma  sample  by  the  i)rocedure 
u.'cd  throughout  this  paper. 

Heparin  does  not  appear  to  interfere  with  the  measununent  of  corticosterone  by  this 
method:  measurements  on  sera  obtaimal  because  of  accidental  omission  of  he])arin  have 
not  shown  any  difference  from  those  on  plasma  within  the  same  group.  Injection  of 
Xcmbutal,  or  morphine  sulfate  does  not  lead  to  interfering  fluorescence  with  the  method 
as  used  here  (Table  2). 

.\ddition  to  jrlasma  of  crystalline  epinephrine,  norepine])hrine  and  serotonine  creati¬ 
nine  sulfate  in  doses  at  least  1000  times  larger  than  those  found  in  exi)erimental  situations 
where  these  substances  are  known  to  be  at  maximal  levels  (13,  14)  does  not  interfere 
with  the  fluorometric  measurement  of  corticosterone  (Table  1  C'). 


Table  1 


Number  of 
experiments 

Corticosterone, 
amount  added 

%  recovery +  S.K. 

Recoveries  from  Water 

A 

Recoveries  from  Plasma 

til 

0 . 1  to  2.0  /ig. 

105.01 1  .2 

It) 

0.8  to  1.0  /ig. 

100.310.4 

Number  of 
exiH'ri  nnuits 

C'orticost  crone, 
/ig./lOO  ml.  ±S.K. 

Total  storage  time 

Plasma  Pool  jf.\ 

H  #C 

#1) 

#K 

II 

3 

7 

27 

11 

1(5.8 -l-O.tiO 
18.3±0.78 
27.0±0.:}3 
12.5+0.29 
20.8+0.35 

14  days 

3  days 

55  days 

10.5  days 
(50  days 

C'orticosterone  /ig./lOO  ml. 

(’  Plasma  Sample 

+  Kpinephrine  0.9  mg. /1 00  ml. 

+  Nor-epinephrine  1.0  mg./lOO  ml. 
-j-Serotonine  O.Sti  mg./lOO  ml. 

18.2  n 

1(5.2  n 

19.1  r 

'.2  19.1 

2 

'  .2 

20.2 
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In  the  following  experiments  the  data  reported  will  therefore  indicate  levels  f 
plasma  free  corticosteroids  expressed  as  micrograms  of  corticosterone  per  1  > 
ml.  of  plasma. 


RESULTS  AND  COMMENTS 

With  the  method  as  used  in  this  laboratory,  utilizing  animals  of  tin 
strain  and  of  this  weight  range,  basal  or  resting  levels  of  plasma  free  corti^o^- 
teroids  are  from  9.0  to  15.0  ng.  100  ml.  (mean  and  standard  erroi 
12.2  ±0.30  for  128  determinations.  Table  2).  In  a  small  series  of  animals  n< 
variation  of  plasma  corticoid  levels  was  observed  in  relation  to  the  phase 
of  the  ovarian  cycle  (Table  2  C). 


Table  2.  Resting  levels  ok  plasma  cortkosteroids  in  the  rat  in 
nr,.  OF  corticosterone/ 100  ml.  plas.ma 


Mode  of  blood  sampling 

Remarks 

Number  of  animals 

Cpd.  B,  Mg./ 100  ml.  plasma 

A 

Decapitation 

H 

12 

15. 2  ±1.9* 

B 

Jugular  Vein 

b 

31 

14.2±0.48 

.\bdominal  .\orta 

(• 

30 

11.5±0.73 

.tbdominal  .\orta 

d 

14 

11.0+0.40 

.\bdominal  .\orta 

e 

47 

12.7+0.56 

.\bdominal  .\orta 

c 

j 

Proestrus 

4 

11.4  +  1.0 

C 

Petrus 

5 

10.1+0.39 

Die.strus 

16 

10.3+0.38 

Remarks;  See  in  methods  for  details,  a:  Decapitation  in  animal  room,  b:  Sub-eutaneous 
Nembutal,  e;  Intraperitoneal  Nembutal,  d:  Nembutal ± Morphine,  e:  NembutaH- Morphine 
+0.2  ml.  Saline  i.v. 

•  Standard  error  of  the  mean. 


It  was  observed  that  changing  the  environment  of  the  animals  by  taking 
them  from  animal  quarters  to  the  laboratory  increases  the  level  of  the 
corticoids  within  a  few  minutes.  A  group  of  18  normal  rats  was  left  for 
15-20  minutes  in  the  laboratory  while  other  animals  were  being  .sacrificed; 
when  they  were  bled  by  decapitation  their  plasma  corticosteroid  level  was 
40.6+2.5.  This  empha.sizes  that  the  utmost  care  must  be  taken  for  obtain¬ 
ing  adequate  “resting”  control  levels. 

.After  bilateral  adrenalectomy  or  hypophy.sectomy  this  resting  level  falls 
to  3.5  to  6.5  tig.  100  ml.  This  figure  does  not  vary  with  increasing  intervals 
after  adrenalectomy  or  hypophysectomy;  after  combined  adrenalectomy 
and  gonadectomy ;  upon  exposure  to  stress  of  the  adrenalectomized  or 
hypophysectornized  animal  or  upon  intravenous  injection  of  mas.sivc  dose  - 
of  ACTH  in  the  adrenalectomized  animal  (Table  3).  This  residual  fluores¬ 
cence  is  therefore  not  due  to  corticoids  of  adrenal  origin  but  to  some  nor- 
identified  substances  which  are  not  related  to  pituitary-adrenal  stimuli  - 
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tion.  The  value  of  this  residual  fluorescence  is  most  constant  within  ;i  ly 
given  group  of  adrenalectomized  or  hypophysectomized  animals.  Becai 
its  variations,  though  minimal,  are  definite  between  groups  (see  Table  3  it 
was  thought  best  to  keep  this  background  fluorescence  into  the  calculati<  is 
of  corticosteroid  concentrations.^  If  and  when  means  are  found  to  eliminme 
this  residual  fluorescence,  the  absolute  values  as  well  as  the  percentiiL’o 
variations  of  these  and  similar  measurements  can  be  expected  to  be  ju)- 
preciably  modified.  This  should  not  alter  the  conclusions  relative  to  inc 
validity  of  the  method  as  pre.sently  employed. 

Exposure  of  the  normal  animal  to  stress  of  systemic  type  elevates  the 
levels  of  the  plasma  corticosteroids.  The  maximal  concentration  was  oh- 
served  approximately  15  minutes  after  beginning  of  stress  (Table  4),  wlien 


Tabi.e  4.  Plasma  free  corticosteroids  ix  the  normal  rat  ri>ox  exoiscre 

TO  STRESS  IX  /ifi.  CORTICOSTERONE/ 100  ML. 


I*r«>ri*dtiro 

\unib<‘r  of 

Time  after  beginninR  of  stress 

exp<*riii»ent 

5  min. 

1(1  min. 

15  min. 

3H  min.  45  min. 

6(1  min. 

C'animlatMm  of  (’arotid  Art<*ry 

28 

.33. 5  ±1.0* 

38.8  +  0.!* 

46.5  +  2.5 

.37.6  +  3.6  34.2  +  3.2 

- 

Hilatpral  Fracture  of  Tibia 
and  Fibula 

.3.5 

2<J.!t±  1.6 

36.7  +  2.5 

48.1±2.8 

.53.1  ±1.8  — 

41 .6±4  7 

4  min. 

8  min. 

12  min. 

16  min.  20  min. 

24  min. 

N(‘inbutal  i.p. 

65 

16.2+1.2 

12.2+1.4 

1!».6±  1.5 

20. 3  ±1.!*  21. 7  ±1.5 

23.4±  1  2 

28  min.  32  min. 

35  min. 

1 

15.!*±1.0  16.8±1.3 

10.4±0.H 

♦  Standard  error  of  the  mean. 


the  intervals  studied  were  5,  10,  15,  30,  45  and  00  minutes.  This  higli 
level  persists  or  tends  to  decrease  within  00  minutes  of  observation,  aj)- 
parently  in  relation  to  the  severity  of  the  stress  applied.  Sensory  or  emo¬ 
tional  stress  also  elevates  the  level  of  plasma  corticoids:  handling  and  intra- 
peritoneal  injection  of  Nembutal  in  saline  produced  a  minimal  but  definite 
increase  of  the  plasma  corticoid  concentration  which  returned  to  normal  in 
approximately  30  minutes  (Table  4). 

Intra-venous  injection  of  ACTII  (0.05  to  1.0  milliunit)  in  animals  24  27 
hours  after  hypophy.sectomy  increased  the  levels  of  plasma  free  corticosti*'  - 
oids;  the  maximal  levels  were  found  15  minutes  after  injection  when  time 
intervals  studied  were  15,  30  and  60  minutes  (Table  5A).  This  time  rcl  i- 
tionship  was  confirmed  when  the  plasma  corticosteroid  levels  were  meas¬ 
ured  at  2  minute  intervals  after  injection  of  0.3  milliunit  ACTH  (Table 
5B).  When  the  plasma  corticoids  are  measured  15  minutes  after  injectii  n 
of  ACTH  the  limit  of  sensitivity  of  the  method  is  ^0.1  milliunit  T.S 
Reference  Standard  for  Corticotropin.  In  several  experiments  when  do  •  ' 


®  A  calculation  has  recently  been  inoposed  by  Silber  et  al.  (See  reference  no.  > 
exclude  this  “residual  fluorescence”  from  the  readings. 
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T  Hi-E  5.  Concentrations  of  plasma  free  corticosteroids  and  of  adrenal  ascorbic 
acid  in  the  hyfoi’Iiysectomized  rat  after  injection  of  ACTH.  A  and  B:  as  a 

FCNCTIO.N  OF  TIME  AFTER  INJECTION.  C':  AS  A  FCNCTION  OF  THE  DOSE 


I’iiiu'  ill 

A. A. A.* 

Cpd.  B, 

A.  A.  A. 

('pd.  B 

ACTH,  me.  , 

/ug./lOO  ml. 

variiitioii, 

variation. 

iniiiiitcs 

ihK- 

plu.simi 

%  controls 

%  controls 

0 

None 

474+124 

(1.2 +0.3 

_ 

15 

0.25 

412  +2(1 

10.1  +  1.7 

-13 

+208 

30 

0.25 

427  +  14 

10.4  + 1 .0 

-  0 

+  07 

(10 

0.25 

415  ±  (1  i 

0 .  .5  1 0 . 0 

-12 

+  4 

15 

0.50 

3(15  ±  5  i 

38.313.4 

_22 _ 

+518 

\  30 

0 . 50 

3(17  +  5 

22.5+1  .7 

—  22 

+  203 

(10 

0 . 50 

384  ±1(1 

8.010.4 

-To 

+  20 

0 

Xoiic 

4(111  ±  18 

0.3 +0.5 

_ 

15 

1  .0 

300+  8 

45.5  +1.0 

-34 

+  022 

30 

1  .0 

312+  5 

40.5+2.4 

-33 

+  .542 

(10 

1  .0 

321123 

23.012.5 

-31 

+274 

0 

Xdiic 

481  +  10 

5.0+0. 2 

_ 

1  _ 

2 

0.3 

473  1  15 

5.4  +0.3 

-  1 

4 

0.3 

4(14  +  13 

8. 0+0.0 

-  3 

+  43 

(1 

0.3 

4.58+12 

12.812.8 

-  4 

+  128 

B  8 

0.3 

411  +  12 

10.3+0.0 

-14 

+244 

10 

0.3 

401  +31 

20 .7  +  1.7 

-  4 

+273 

12 

0.3 

403+  10 

25.4+2.0 

-  4 

+3,53 

15 

0.3 

1  400  +  17 

34.5+0.0 

-  4 

+  510 

20 

0.3 

485131 

22.210.7 

+  1 

+200 

0 

None 

1  4721  10 

i  0.4+0. 4 

_ 

_ 

15 

0.05 

503  +  0 

!  7. 3+0. 3 

— 

+  14 

(’  15 

0.1 

485  +  13 

8. 7+0.0 

— 

+  30 

15 

0.2 

i  474  +  15 

;  12.4  +  1.0 

— 

+  04 

15 

0.4 

408+13 

!  27.811.8 

-13 

+334 

15 

0.8 

3.571 12 

!  38.2+2.3 

-32 

+407 

*  =adr(‘i>al  a.scorhic  acid.  H,  and  C  wim'c  three  different  exjierinH'nt.s  on  tliree 

(lilTerent  sliipinents  of  animals.  \  aiul  (',  .six  animals  per  Ki’O'ip;  H,  four  animals  per  grouj); 
8  to  10  animals  in  control  f'roups. 
t  Standard  error  of  the  mean. 


of  O.Oo  to  1.0  mu.  ACTII  were  administered,  the  respon.ses  obtained  ap¬ 
peared  as  a  linear  funetion  of  the  log  of  the  dose  between  0.2  and  1.0  mu. 
('Fables  oA,  .5B,  iiC,  Fig.  1).  The  linear  relation  was  observed  when  the 
cortieoids  were  measured  at  lo,  80  or  00  minutes  after  injection  of  ACTH. 
.V  complete  evaluation  of  the  limits  of  the  response  to  ACTH  was  not  done 
within  this  series  of  experiments. 

Injection  of  large  doses  of  purified  TSH,  STH,  FSH,  LH,  a-MSH  and 
arginine-vasopres.sin  in  the  hypophj'sectomized  rat  failed  to  increase  the 
level  of  corticosteroids  in  experiments  designed  to  demonstrate  the  effects 
of  ^0.1  mu.  ACTH  (Table  0),  with  measurement  of  the  response  l.o 
minutes  after  injection. 

Tables  .5A,  5B  and  oC  show  that  the  response  to  ACTH  is  remarkably 
constant  within  a  given  group  (shipment)  of  animals  but  that  it  varies 
slightly  from  one  shipment  to  another.  This  is  probably  another  example  of 
the  variations  of  sensitivity  of  the  animal  preparation,  a  well  known  char¬ 
acteristic  inherent  to  bio-assays. 
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Fig.  1.  Data  of  table  5  calculated  to  show  the  linearity  of  the  response  when  expressed 
as  a  function  of  the  logic  of  the  dose  of  ACTH  injected.  Y  =  a+b  log  x,  for  0.2^  1.0. 


It  is  intere.sting  to  note  that  the  time  relationships  for  adrenal  respon.se 
to  ACTH  are  clo.se  to  those  observed  for  pituitary-adrenal  response  to 
stress  (Tables  4  and  5).  The  time  relationships  for  adrenal  response  to 
ACTH  as  ob.served  here  in  the  hypophy.sectomized  rat  are  in  remarkable 
agreement  with  those  reported  by  Nelson  and  Hume  in  the  hypophysecto- 
mized  dog  (15)  using  measurements  of  the  corticoid  output  in  the  adrenal 
vein  but  are  at  variance  with  those  reported  recently  by  Slusher  and 


T.\BI,E  6.  Pl..\SM.\  CORTICnSTEROIl)  LEVELS  I.N  H YCOPHYSECTOMIZED  R.\T.S  15  MIXCTES  .\FTKR 
IXJE(  TI<».\  OF  V.^RlorS  HORMO.NAL  PREPAR.\TIO.\S  OF  PITl'lTARY 
ORIGI.N’  OTHER  THAN’  .\CTH 


Material  injected 

-Amount  injected 

Number  of  animals 

Cp<l.  H,  Mg-/100  111 
plasma 

Saline 

U.3  ml. 

4 

4. 4+0. 3* 

STH 

7.1  Mg- 

4 

4.9  ±0.3 

FSH 

4 . 8  Mg- 

4 

5.810.7 

LH 

5.0  Mg. 

4 

6.711.0 

TSH 

^-4  Mg- 

4 

5.710.5 

•Arginine- Vasopressin 

0.8  Mg. 

(300  mr.) 

6.910.5 

Saline 

0.3  ml. 

4 

7.110.6 

MSH 

100  Mg. 

i  ^ 

6.910.6 

•  Standard  error  of  the  mean. 
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}  oberts  in  similar  experiments  using  rats  (16).  These  time  relationships  he- 
t'veen  ACTH-administration  and  the  observed  maximal  level  of  circulat- 
i  gfree  corticosteroids  (ca.  15  minutes)  exclude  the  possibility  that  we  may 
I  '  dealing  in  this  series  of  experiments  with  an  extra  adrenal  action  of 

CTH  which  would  tend  to  inhibit  conjugation  of  the  free  corticoids.  Con- 
j  igation  takes  place  in  an  entirely  different  chronological  relation  follow- 
ng  injection  of  ACTH  (17). 

In  some  of  these  experiments  simultaneous  measurements  of  adrenal 
;  corbie  acid  concentrations  showed  that  considerable  stimulation  of 
(  trticoidogenesis  can  be  obtained  in  absence  of  detectable  ascorbic  acid 
c  pletion  (Tables  5A,  oB,  oC).  When  a  dose  of  ACTH  is  injected  which  is 
1  iige  enough  to  significantly  decrease  the  concentration  of  adrenal  ascorbic 
i  t  id,  the  fall  in  the  adrenal  content  of  this  .substance  reaches  its  maximum 
ii round  15  minutes  later,  and  remains  at  that  level  for  1  hour  (Table  5A)  or 
more  (18).  Meanwhile,  considerable  dynamic  changes  of  the  levels  of  the 
( irculating  corticoids  can  be  demon-strated  (Tables  5A  and  5B). 

Within  this  limited  series  of  experiments,  the  fluorometric  method  of 
Silber  for  corticosterone  was  found  to  be  simple  enough  for  routine  u.se.  It 
appears  rea.sonabl}'  specific  for  studying  in  the  plasma  the  dynamic  varia¬ 
tions  of  .substances  of  adrenal  origin  of  the  corticosterone  type.  It  is  of  a 
degree  of  .sensitivity  such  as  to  permit  measurements  well  within  physio¬ 
logical  requisites.  The  reproducibility  of  the  results  is  good  both  within 
groups  and  between  groups.  The  method  therefore  may  be  an  ideal  tool  in 
.studies  of  the  physiology  of  the  hypothalamo-pituitary-adrenal  system  in 
these  species  in  which  the  main  product  of  the  adrenal  secretion  is  corticos¬ 
terone.  It  may  also  constitute  the  basis  of  a  bio-as.say  for  ACTH  less  indirect 
than  the  pre.sent  provisional  as.say. 
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THE  EFFECT  OF  PROTRACTED  GLUC'AGON  ADMINIS¬ 
TRATION  ON  BLOOD  GLUCX)SE  AND  ON 
PANC’REATIC’  MORPHOLOGY^ 

SYDNEY  S.  LAZARUS  and  BRUNO  W.  VOLK 
with  tlie  technical  assistance  of  Patricia  Lofaro 
Isaac  Albert  Research  Institute  of  the  Jeicish  Chronic  Disea.sc  Hospital  and  the 
Department  of  Pathology,  Albert  Einstein  College  of  Medicine,  Xew  York,  X.  1'. 

ABSTRACT 

A  study  was  conducted  on  the  effect  of  long  continued  administration  of 
slucason  with  or  witliout  eortisone  on  blood  and  urine  ^hicose  and  on  pan¬ 
creatic  morphology  in  rabbits.  One  mg.  of  crystalline  glucagon  was  administered 
subcutaneously  3  times  daily  at  S  hour  intervals  either  alone  or  together  with 
1  mg.  kg.  daily  of  cortisone  acetate  intramusculai  ly.  (llucagon  alone  i)roduced 
only  a  moderately  increased  glycemia.  On  the  other  hand,  glucagon  with 
corti.sone  i)roduced  a  marked  hyj)erglycemie  status  which  generally  tended 
to  ameliorate  after  apino.ximately  (>  weeks  of  treatment.  Morphologically,  there 
was  in  most  glucagon  treated  animals  an  apparent  reduction  in  the  numbers 
of  identifiable  pancreatic  .V  cells.  In  many  instances  partly  degranulated  or 
poorly  staining  A  cells  were  observed  as  well  as  groups  of  nuclei  with  ill-defined 
cytoplasm  which  resembled  the  nuclei  of  identifiable  A  cells  and  which  wen* 
thought  to  be  degranulated  A  cells.  The  inference  from  these  A  cell  changes  is 
that  glucagon  is  a  hormone  and  that  it  is  derived  from  this  cellular  system. 
.Vdditional  findings  included  B  cell  degranulation  and  glycogen  infiltration  of 
duct  epithelium  and  of  B  cells.  Furthermon',  in  animals  treated  for  prolonged 
jwiiods  there  was  B  cell  hyj)erplasia  as  well  as  neogenesis  of  these  cells  from 
ductular  epithelium  via  primitive  B  cell  formation.  These  latter  morjjhologic 
findings  support  the  viewpoint  that  the  diminishing  diabetogenic  effectiveness 
of  the.se  hormones  with  prolongation  of  treatment  is  due  to  increased  j)ancreatic 
insulinogenesis. 

Although  the  hyperglycemic  action  of  glucagon  is  an  establislied 
k.  fact  there  are  hut  few  studies  as  to  its  effect  on  the  structure  of  the 
jiancreas  when  given  over  prolonged  periods  of  time.  Kracht  (1, 2)  reported 
involution  of  the  pancreatic  A  cells  and  degranulation  and  hypertrophy  of 
the  B  cells  after  glucagon  admini.stration  for  6  to  38  days  in  the  rat  and 
rabbit.  He  interpreted  the  atrophy  of  the  A  cells  as  being  the  result  of 
secretory  inactivity,  thus,  .supporting  the  view  that  glucagon  is  produced 
by  this  cellular  system  (3,  4,  5).  On  the  other  hand  the  hypertrophy  and 
ilegradulation  of  the  B  cells  were  believed  to  be  due  to  their  stimulation  by 
the  glucagon  induced  hyperglycemia.  Salter,  ci  al.  (G)  reported  a  diabeto¬ 
genic  effect  of  glucagon  in  rats  when  up  to  1.2  mg.,  suspended  in  corn  oil, 

Rcocivod  .Viuil  22,  195S. 
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was  given  in  divided  doses  daily,  for  up  to  10  days.  They,  also  produced  a 
transient  hyperglycemia  and  mild  glycosuria,  in  2  dogs,  by  daily  admini  - 
tration  of  glucagon,  for  one  week.  Upon  histologic  examination  of  the  pan¬ 
creas  they  observed  either  more  inten.se  granulation  or  degranulation  and 
hydropic  degeneration  of  the  B  cells  as  well  as  marked  degranulation  and 
atrophy  of  the  acinar  cells,  but  do  not  report  any  A  cell  changes. 

In  previous  work  the  authors  had  demonstrated  a  potentiating  action  of 
corti.sone  on  the  hyperglycemic  effect  of  glucagon  in  the  rabbit  (7,  S). 
Furthermore,  other  workers  have  shown  in  chronic  experiments  that  gluca¬ 
gon  augments  cortisone  and  adrenocorticotropin  induced  hyperglycemia  in 
the  rat  (9).  These  observations  stimulated  a  study  of  the  effect  of  long 
term  administration  of  glucagon  given  alone  or  together  with  subdiabeto- 
genic  doses  of  cortisone  acetate  upon  the  blood  and  urine  sugar  and  on 
the  pancreatic  morphology  in  rabbits. 

MATERI.\L  .AND  METHODS 

I'hc  study  wa.s  carried  out  on  42  New  Zealand  white  rabbits  of  either  sex  weighing 
between  2.5  and  4.0  kg.  which  were  divided  into  four  groups. 

Group  I  consisted  of  12  untreated  control  animals. 

Group  II  compri.sed  6  rabbits  who  each  received  1  mg.  of  crystalline  glucagon  (Lilly-) 
suspended  in  corn  oil  subcutaneously  3  times  daily  at  10:00  a.m.,  4:30  p.m.  and  12  mid¬ 
night.  Two  animals  were  sacrificed  on  the  49th  and  one  each  at  63,  72  and  75  days.  The 
remaining  rabbit  expired  on  the  75th  day. 

Group  III  consisted  of  IH  rabbits  who  each  were  given  1  mg.  of  crystalline  glucagoi' 
subcutaneously  daily  at  intervals,  as  in  Group  II,  together  with  1  mg./kg.  daily  intra 
mu.scularly  of  cortisone-acetate  in  aqueous  suspension  (I’pjohn’).  One  rabbit  each  was 
sacrificed  at  5  and  16  days,  two  at  28  days,  four  at  46  days,  and  one  each  at  53,  66  and 
104  days.  Seven  animals  expired  at  intervals  from  4  to  30  days  after  the  start  of  treat¬ 
ment. 

Group  IV  consisted  of  6  rabbits  who  each  received  1  mg./kilo  intramuscularly  of 
cortisone  acetate  daily.  One  each  was  sacrificed  at  18,  22,  38,  49,  63  and  72  days. 

.\11  animals  were  kept  in  individual  metabolic  cages  and  received  Purina  rabbit  ch(»w 
and  water  ad  libitum.  Each  animal  received  200,000  units  of  procaine  penicillin  G  and 
0.25  gm.  of  dihydrostreptomycin  sulfate  (Combiotic-Pfizer)  twice  weekly.  Daily  24- 
hour  urine  specimens  were  collected  under  toluol.  Blood  was  drawn  from  the  marginal 
ear  vein  daily  in  the  morning  at  approximately  9:30  a.m.  and  in  the  afternoon  at  ap¬ 
proximately  1:30  P.M.  In  addition,  in  several  instances,  the  blood  sugar  of  an  indi¬ 
vidual  animal  was  followed  at  j  hour  intervals  for  3  to  6  hours.  The  blood  and  urinary 
glucose  were  determined  by  the  Nelson-Somogyi  micromethod  (10). 

The  rabbits  were  sacrificed  by  overdosage  with  barbiturates.  The  tail  of  the  pancreas, 
of  sacrificed,  but  not  of  animals  which  expired  spontaneously,  was  placed  immediately 
into  Zenker-formol  (20%)  solution  for  histologic  study,  .\fter  paraffin  embedding,  slides 
were  stained  by  the  following  methods:  Iron  hematoxylin,  phosphotungstic  acid  hen.  i- 


*  Crystalline  Glucagon  (Lot  #258-2343-54-2)  was  supplied  by  the  Lilly  Rescan  li 
Laboratories,  Eli  Lilly  &  Company,  Indianapolis,  Indiana,  through  the  courtesy  of  I'r. 
W.  R.  Kirtley. 

*  Cortisone  .Acetate  was  supplied  by  the  Upjohn  Company,  Kalamazoo,  Michig:  !i, 
through  the  courtesy  of  Dr.  C.  J.  O’Donovan. 
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to'  lin,  modified  Masson  trichrome  (11,  12),  modified  aldehyde  fuchsin-triehrome  (13, 
14'  a  modification  of  Gomori’s  chrome-alum-hematoxylin  (12,  15),  the  Periodic  Acid 
Lt  kofuchsin-trichrome  (14,  16)  controlled  by  diastase  digestion  for  glycogen  identifica- 
tio’  . 

[  his  battery  of  staining  techniques  was  utilized,  in  conjunction,  in  order  to  character¬ 
ize  iiore  precisely  the  structural  elements  of  the  pancreas  and  to  help  avoid  any  confu- 
sie  !  in  regard  to  the  definitive  identification  of  the  A  cells.  Some  of  the  methods  used, 
i.e  ,  the  iron  hematoxylin,  phosphotungstic  acid  hematoxylin  and  the  modified  Masson 
tri  irome  .stains  demonstrate  A  cells  by  their  siderophilia.  Others,  i.e.,  the  Periodic 
A(  1  Schiff-Trichrome,  the  aldehyde  fuchsin  and  the  chrome  alum  hematoxylin  ponceau 
fui  isin  methods  show  these  cells  by  their  acidophilia.  It  should  be  noted  that,  when 
thi  chrome  alum  hematoxylin-phloxin  stain  is  used  according  to  Gomori’s  original  pre- 
sci.ption  (15),  without  adequate  differentiation  by  phosphomoij'bdic  acid,  pink  staining 
cel  may  be  seen  in  the  islets  which  are  not,  but  may  be  mistaken  for  A  cells. 

RESULTS 

Ciroup  I :  The  untreated  control  rabbits  showed  reducing  substances  in 
iii  iiie  which  varied  from  zero  up  to  0.9  gm.  with  a  mean  of  0.52  gm.  in  24 
hours.  Therefore,  values  above  1.0  gm.  per  24  hours  were  considered  sig¬ 
nificant.  There  were  no  significant  differences  between  the  morning  and 
afternoon  blood  sugar  values  which  varied  between  93  and  158  mg.%  with 
a  mean  of  127  mg.%  A  non-fasting  blood  sugar  value  of  greater  than  160 
nig.%  was  con.sidered  a  significant  elevation. 

In  the  normal  pancreas  the  A  cells  stood  out  clearly  even  with  low 
magnification  due  to  the  intense  staining  of  their  cytoplasm  (Fig.  2);  how- 
e\er,  not  every  i.slet  contained  these  cells.  There  were  no  clear  cut  differ¬ 
ences  which  could  be  used  as  criteria  for  distinguishing  the  nuclei  of  the  A, 
B  and  D  cells.  All  of  the  small  intralobular  ductules  had  a  similar  histologic 
ap{)earance  and  continuity  betweeen  these  structures  and  islets  was  only 
rarely  observed. 

Group  II:  The  animals  treated  with  glucagon  generally  maintained  their 
weight.  They  showed  an  intermittent  hyperglycemia  with  morning  blood 
sugar  vTilues  varying  between  82  and  175  mg.%  and  afternoon  values  rang¬ 
ing  from  106  to  405  mg.%.  The  total  24-hour  urinary  glucose  output  varied 
from  0.2  to  5.8  gm.  In  general,  the  severity  of  the  hyperglycemia  and 
glycosuria  was  greater  in  the  early  pha.ses  of  the  experiments  and  tended  to 
diminish  as  the  duration  was  extended.  The  blood  and  urine  sugar  values 
for  a  representative  rabbit  are  illustrated  in  Figure  1  A. 

In  the  pancreas  of  these  rabbits  the  A  cells  seemed  to  be  markedly  dimin¬ 
ished  in  number  and  did  not  stand  out  clearly  as  in  the  normal  (Fig.  3). 
There  were  but  few  well  stained  A  cells  present  as  well  as  an  occasional  cell 
ill  which  only  part  of  the  cytoplasm  retained  the  normal  tinctorial  charac¬ 
teristics  of  the  A  cell.  Frequent  cells  were  present  in  the  i.slets  which  ap¬ 
peared  to  be  poorly  stained  A  cells.  These  cells  showed  diffuse  cytoplasmic 
acidophilia  and  siderophilia  which  was  fainter  and  duller  than  that  of  the 
normal  A  cell.  Their  nuclei  were  smaller,  more  chromatic  and  rounder 
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Fig.  1.  Daily  morninK  ami  afternoon  blood  glucoso  levels  and  their  average  as  well  as 
the  24  hour  urinary  glucose  output  of  three  representative  rabbits  who  received  respec¬ 
tively:  A)  1  rug.  of  crystalline  glucagon  in  corn  oil  subcutaneously  three  times  daily. 

B)  Glucagon  as  in  .\  as  well  as  1  mg.  kg.  daily  of  cortisone  acetate  intramuscularly. 

C)  Cortisone  acetate  alone  as  in  B. 

then  those  of  B  cells  (Fig.  4).  Furthermore,  nuclei  were  seen  in  the  i.slets, 
similar  to  those  of  identifiable  A  cells,  which  were  either  naked  or  sur¬ 
rounded  by  ragged  faintly  staining  cytoplasm  (Fig.  5).  The  cytoplasm  of 
the.se  latter  was  tinctorially  quite  distinct  from  the  more  homogenous 
cytoplasm  of  the  I)  cell. 

The  B  cells  showed  fretpiently  moderate  degranulation  and  the  nuch  i 
were  generally  larger,  more  ovoid  and  had  more  sparsely  distributed  chro¬ 
matin  than  that  of  identifiable  A  cells  (Fig.  4).  Furthermore,  the  nucleus 
as  well  as  the  entire  cell  appeared  larger  than  in  the  normal  rabbit.  The  i.sl  -t 
contours  were  less  regular  than  in  the  untreated  animal. 

Group  III :  The  rabbits  treated  .simultaneously  with  glucagon  and  coMi- 
sone  either  maintained  their  weight  or  showed  only  a  very  moderate  weight 
lo.ss  of  5  to  10%  of  their  initial  weight.  In  these  animals  the  morning  d(!se 
of  glucagon  produced  a  marked  hyperglycemic  respon.se  which  was  faiily 
well  sustained  until  the  time  for  the  second  dose  of  glucagon  (Fig.  0).  T  le 
daily  blood  sugar  determinations  revealed  a  .severe  intermittent  hyp'  r- 


I’lG.  2.  I’inicivas  of  untreated  rabbit  showin^^  islet  with  distinet  A  cells  (arrows). 
Cliioine  alum  hematoxylin-poneeau-fuehsin  stain.  XI 45. 

I’lG.  3.  Pancreas  of  rabbit  tr(‘ated  for  75  days  with  glucagon  showing  islets  without 
apparent  cells.  Chrome  alum  hematoxylin-ponceau-fushsin  stain.  X145. 

Fig.  4.  High  jrower  of  pancreas  of  sann*  rabbit  as  in  Fig.  3  showing  i)()rtion  of  islet, 
cells  (.\)  with  j)oorly  stained  cytoj)lasm  are  pre.sent.  Their  nuclei  are  smaller  and  more 
chiomatic  than  those  of  adjacent  B  cells  (B).  Modified  Masson  trichrorne  stain.  X9S5. 

Fig.  5.  High  jiower  of  jiancreas  of  same  rabbit  as  in  Figs.  3  and  4  showing  part  of 
islet.  There  is  a  grouj)  of  small  chromatic  nuchn  (arrow.s)  with  jroorly  recognizable  cyto- 
phi'in,  thought  to  represent  degranulated  .V  cells.  The  nuelei  of  adjacent  B  eells  are 
mu  h  larger.  Phosphotungstic  acid  hematoxylin  stain.  X9H5. 
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Fig.  6.  Comparison  of  blood  sugar  response  to  a  single  subcutaneous  injection  of 
1  mg.  of  crystalline  glucagon  in  corn  oil  of  (.\)  an  untreated  rabbit  and  of  (B)  a  rabliit 
which  also  had  been  receiving  1  mg. /kg.  daily  of  cortisone  acetate  intramuscularly. 

glycemia.  The  morning  values  were  frequently  within  normal  limits  during 
the  early  stages  of  treatment.  Thereafter,  for  a  short  time  they  tended  to 
rise  reaching  as  high  as  440  mg.%.  The  afternoon  blood  sugar  levels  were 
elevated  from  the  beginning.  This  elevation  became  extreme  as  treatment 
continued  with  occasional  values  as  high  as  840  mg.%.  After  6  weeks  tlie 
morning  and  afternoon  glycemic  levels  were  frequently  less  than  prior  to 
that  time.  The  urinary  glucose  output  was  markedly  elevated  reaching  as 
much  as  13  gm.  per  24  hours  and  in  general  varied  concomitantly  with  the 
blood  sugar  levels.  The  daily  blood  .sugar  values  as  well  as  the  24  hour  glu¬ 
cose  output  of  a  representative  animal  are  seen  in  Figure  IB. 

Morphologically,  the  A  cells  showed  tinctorial  changes  similar  to  those 
observed  in  rabbits  treated  with  glucagon  alone.  Although  there  was  a  sug¬ 
gestive  alteration  of  A  cells  in  the  pancreas  of  the  rabbits  .sacrificed  after 
16  days,  this  alteration  became  obvious  in  most  instances  after  28  days, 
and  was  most  pronounced  after  53  to  104  days.  Figure  7  demonstrates  a 
partly  degranulated  A  cell  from  one  of  these  animals.  In  2  rabbits  which 
were  similarly  treated  for  46  days  each  no  obvious  changes  in  A  cells  were 
seen. 

In  tho.se  animals  treated  over  prolonged  periods  of  time  the  islets  vere 
hyperplastic  and  had  irregular  contours  (Fig.  8).  The  B  cells  were  fre¬ 
quently  degranulated  and  larger  than  normal.  The  nuclei  were  also  in¬ 
creased  in  .size  thus  accentuating  the  contrast  with  the  A  cell  nuclei.  Hy¬ 
perplastic  ducfular  epithelium  was  seen  (ontiguous  with  or  within  islets 


Fig.  7.  Panoreas  of  rabbit  treated  for  51  days  with  glucagon  and  cortisone  showing  a 
granulated  ((lA)  as  well  as  partly  degranulated  (DA)  A  cell.  Modified  Masson  trichrome 
stain.  X1535. 

Fig.  8.  Pancreas  of  rabbit  treated  for  104  days  with  glucagon  and  cortisone  showing 
tonsiderable  islet  hyperplasia  and  no  apparent  .V  cells.  Modified  Masson  trichroine 
stain.  XI 45. 

Fig.  9.  Pancreas  of  same  rabbit  as  in  Fig.  8,  showing  intraislet  proliferating  hyper¬ 
plastic  ductules  (arrows)  with  a  primitive  B  cell  (P)  originating  from  it.  The  adjacent 
H  cells  (B)  are  more  mature.  Modified  Masson  trichrome  stain.  X985. 

Fig.  10.  Pancreas  of  .same  rabbit  as  in  Figs.  8  and  9,  showing  large  immature  B  cells 
(ib)  with  occasional  sparse  intracytoplasmic  aldehyde  fuchsin  oositive  granules,  .\dja- 
cent  mature  but  degranulated  B  cells  (B)  are  delineated  by  heavily  stained  aldehyde 
fuchsin  positive  borders  (arrows).  There  are  occasional  more  chromatic  nuclei  (.\)  with 
indi.stinct  cytoplasm  probably  representing  degranulated  cells.  Modified  aldehyde 
iuchsin  trichrome  stain.  X1230. 


Fig.  1 1.  Panoroas  of  same  rabbit  as  in  Figs.  S,  9  and  10,  showing  hyporiilastic  ductiilc 
(I))  with  ajijiarently  nowly  fornu'd  islots  (1)  composed  only  of  H  cells.  Modified  Masson 
trichrome  stain.  X51S5. 

Fig.  12.  Lower  power  view  from  same  field  as  in  Fig.  7,  showing  proliferating  nou- 
vaeuolated  ductules  (D)  within  an  islet  and  an  adjacent  vaeuolatetl  ductule  (V).  .Vbo 
seen  are  two  .\  eells  one  of  which  is  partly  degranulated  (see  Fig.  7).  Modified  Masson 
triehrome  stain.  X735. 

Fig.  13.  Pancreas  of  same  rabbit  as  in  Figs.  7  and  12.  \  markedly  vacuolated  ductule 
(I))  is  in  direct  continuity  with  an  islet  showing  but  moderately  vaeuolated  H  cells  (Pi. 
Modified  Masson  triehrome  stain.  X290. 

Fig.  14.  Panereas  of  rabbit  treated  for  3S  days  with  eortisone  alone  showing  ilistii  t 

eells  (arrows).  There  is  moderate  islet  hyperplasia  and  .some  B  cell  degranulatio  i. 
Chrome  alum  hemato.xylin-ponceau-fuchsin  stain.  X145. 
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a’ld  new  formation  of  B  cells  from  duct  epithelium  could  be  traced.  This 
V  IS  evidenced  by  intrainsular  young  B  cells  which  were  in  direct  contiguity 
V.  th  duct  epithelium  and  with  surrounding  more  mature  B  cells  (Fig.  9). 

1  le  immature  cells  were  large  with  vesicular  nuclei,  and  sparsely  dis- 
L  buted  aldehyde-fuchsin  positive  granules  in  the  cytoplasm  (Fig.  10).  Ad- 
j;  cent  older  B  cells  were  smaller,  frequently  degranulated  and  showed 
a  lehyde-fuchsin  positive  cell  borders  (Fig.  10).  Occasionally,  small  young 
i-  ets  were  observed  which  in  an  appendage-like  fashion  were  loosely  at- 
t;  died  to  a  duct  (Fig.  11).  There  were  also  in  .some  instances  i.solated 
p  Ululated  B  cells  seen  within  cords  of  degranulated  older  B  cells  with 
a  dehyde-fuchsin  positive  borders.  These  isolated  granulated  B  cells  are 
t,  ought  to  represent  a  new  generation  as  compared  with  the  older  B  cells 
which  have  become  degranulated  under  the  influence  of  hormonal  treat¬ 
ment. 

In  severely  diabetic  rabbits  there  was  marked  glycogen  infiltration 
(vacuolization)  of  ductular  epithelium  and  of  many  of  the  B  cells.  How¬ 
ever,  it  was  noteworthy  that  the  ductules  from  which  new  B  cells  appeared 
to  form  were  frequently  hyperpla.stic  but  devoid  of  glycogen  infiltration 
(vacuolization)  (Fig.  12).  Similarly  the  cells  identified  as  young  B  cells  did 
not  contain  glycogen  even  when  present  in  other  B  cells.  On  the  other 
hand,  pancreatic  islets  were  also  frequently  continuous  with  or  even 
traver.sed  by  vacuolated  ductules  (Fig.  13).  As  previously  reported  in  ani¬ 
mals  treated  with  larger  amounts  of  adrenal  steroids  (17,  18,  19,  20)  the 
j)re.sent  animals  similarly  showed  intraislet  dilatation  of  ductules  and  oc¬ 
casional  pancreatic  lobules  which  con.si.sted  of  proliferating  dilated  ductules 
and  dedifferentiated  acinar  tissue  with  comparatively  intact  islets. 

Group  IV :  In  the  corti.sone  treated  rabbit  only  a  very  moderate  weight 
loss  similar  to  that  of  Group  III  was  observed.  There  were  no  differences 
between  the  morning  and  afternoon  blood  sugar  values  which  varied  from 
73  to  170  mg.%.  The  24  hour  urine  gluco.se  output  varied  from  zero  to  1.2 
gm.  The  blood  sugar  values  and  urinary  glucose  output  of  a  repre.sentative 
rabbit  are  seen  in  Figure  1C.  In  the.se  pancreas’  the  A  cells  stood  as  clearly 
as  in  the  normal  rabbit  (Fig.  14).  There  was  .some  B  cell  degranulation, 
very  mild  degrees  of  glycogen  infiltration  and  .some  ductular  and  islet 
hyperplasia.  The  i.slet  hyperplasia  appeared  to  be  similar  in  extent  to  that 
observed  in  animals  treated  for  equal  periods  of  time  with  cortisone  and 
glucagon  but  was  greater  than  that  seen  with  glucagon  alone.  There  was 
also  some  intraislet  ductular  dilatation  and  alteration  of  lobules  as  de¬ 
scribed  for  Group  III. 


DISCUSSION 

The  prolonged  administration  in  rabbits  of  glucagon  or  corti.sone  alone 
) produces  only  a  mild  hyperglycemia.  Gn  the  other  hand,  when  glucagon  is 
given  in  conjunction  with  cortisone,  .severe  hyperglycemia  and  glycosuria 
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is  observed.  This  finding  is  in  accord  with  our  previous  demonstration  ii 
acute  experiments  in  ral>bits  of  the  potentiating  action  of  cortisone  on  g’  i- 
cagon  hyperglycemia  (7,  8),  It  is  also  in  agreement  with  the  reports  .f 
others  (9)  that  adrenocorticotropic  hormone  and  cortisone  exaggeratid 
glucagon  induced  hyperglycemia  in  rats. 

Morphologically,  the  most  striking  observations  were  the  changes  in  t,,e 
A  cells  which  were  of  corresponding  extent  in  both  groups  of  glucagon 
treated  rabbits.  Although  identifiable  A  cells  were  generally  found  in  the.'C 
pancreas,  they  .seemed  to  be  diminished  in  number  and  freciuently  showi  d 
faintly  .staining  cytoplasm  or  were  partly  degranulated  (Figs.  8,  4,  7). 
Moreover,  the  nuclei  appeared  to  be  smaller  and  more  chromatic  than  lu 
the  normal.  Clroups  of  similar  nuclei  with  indistinct  cytoplasm  were  con¬ 
sidered  to  repre.sent  completely  degranulated  A  cells  (Fig.  5).  The  mo>i 
pronounced  changes  were  seen  in  the  animals  treated  for  the  longest  peri¬ 
ods. 

To  our  knowledge  there  is  only  one  morphologic  .study  reported  (1,2)  in 
which  atrophy  of  A  cells  was  found  in  rabbits  and  rats  after  glucagon  ad¬ 
ministration.  Idiis  atrophy  was  deduced,  mostly,  from  a  decrease  in  the 
size  of  the  A  cell  nuclei.  Other  workers  (fi)  did  not  mention  pancreatic  A 
cell  changes  after  7  days  of  administration  of  glucagon  in  corn  oil  to  rals 
and  dogs. 

The  present  observations,  of  the  effect  of  glucagon  on  the  A  cells,  .sug¬ 
gest  that  this  is  an  example  of  suppre.s.sion  of  endogenous  secretion  of  a  hor¬ 
mone  by  its  exogenous  administration,  similar  to  that  seen  with  many 
hormones.  This  .supports  the  viewpoint  that  glucagon  is  a  hormone  and 
that  it  is  produced  by  the  A  cells  (3,  4,  o).  It  is  in  opposition  to  the  previous 
conclusion  derived  from  our  studies  with  cobaltous  chloride  that  the  A  cells 
are  not  the  .source  of  glucagon  (21).  This  latter  conclusion  was  based, 
partly,  on  the  fact  that  there  was  no  reduction  in  the  hyperglycemic  action 
of  pancreatic  extracts  from  cobalt-treated  dog  pancreas  as  compared  to 
the  normal  (22,  23).  It  was  .stated,  at  that  time,  that  since  many  A  cell> 
were  still  left  in  the  pancreas  after  cobalt  treatment  and  since  the  method 
of  glucagon  a.s.say  was  qualitative  rather  than  quantitative,  a  moderate  re¬ 
duction  in  glucagon  content  may  not  have  become  apparent.  It  has  since 
been  found  that  with  this  method  it  is  only  when  the  A  cells  are  completely 
or  almo.st  completely  ab.sent  from  the  pancreas  that  there  is  a  diminishc'il 
hyperglycemic  action  of  extracts  (24,  25). 

Other  morphologic  alterations  of  the  pancreas  seen  in  the  pre.sent  exp(*ri- 
ments  are  comparable  to  tho.se  reported  in  almost  all  other  types  of  hot- 
monally  induced  experimental  hyperglycemia  (26,  27).  These  changes  in¬ 
cluded  B  cell  degranulation  and  glycogen  infiltration  of  duct  epithelium 
and  of  B  cells.  They  were  most  marked  in  animals  treated  conjointly  wii’i 
corti.sone  and  glucagon,  sugge.sting  that  hyperglycemia  is  the  responsib  c 
factor.  Furthermore,  the  degree  of  glycogen  infiltration  of  ducts  and  of  3 
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Cl  ils  corresponded  with  the  duration  and  severity  of  the  diabetic  state.  In 
niild  diabetes,  mainly  ductular  epithelium  and  only  occasional  B  cells  were 
al  ected.  In  more  severe  diabetes,  the  B  cell  vacuolization  also  became  pro- 
11  unced.  This  is  in  accord  with  the  results  of  previous  work  in  which  it  was 
s'  )wn  that  ductular  glycogen  deposition  will  occur  prior  to  that  in  B  cells 
(ir,  19,  27,  28,  29).  These  findings  have  led  to  the  conclusion  that  B  cell 
g'  (“ogen  deposition  is  not  a  result  of  functional  exhaustion  of  these  cells, 
1)  t  that  it  is  only  one  aspect  of  the  increased  intracellular  glycogen  occur- 
l  i  !g  in  diabetes. 

li  cell  de.struction  with  the  development  of  metadiabetes  has  been  shown 
ti  result  after  prolonged  hyperglycemia  in  dogs  and  cats  (30,  31,  32,  33) 
1,  it  not  in  rodents  (17,  19,  20,  34,  35).  Similarh-  in  the  pre.sent  study  de- 
Sj»ite  a  longer  lasting  and  more  severe  hyperglycemia  induced  by  cortisone 
a:.d  glucagon  than  ever  previously  established  in  rabbits  by  hormonal 
tn  atment,  there  was  no  evidence  of  B  cell  destruction.  On  the  contrary,  as 
tioatment  was  prolonged,  there  was  an  apparent  diminution  in  the  diabeto- 
g(  nic  effectiveness  of  the  hormones.  The  question  might  be  raised  as  to 
wiiether  this  is  due  to  the  .suppression  of  endogenous  glucagon  production 
01  to  increased  insulinogenic  activity  in  the  pancreas.  The  former  hypoth¬ 
esis  .seems  to  be  invalidated  by  the  fact  that  the  amount  of  glucagon  ad¬ 
ministered  is  in  marked  excess  and  that  a  similar  amelioration  is  seen  in 
(lia))ete.s  induced  by  other  hormones  (17,  3(5,  37).  It,  therefore,  .seems  more 
logical  to  a.s.sume  that,  this  resi.stance  is  a  result  of  increased  insulinogene- 
sis.  This  idea  is  supported  by  the  morphologic  findings  in  the  pancreas 
wliicli  included  B  cell  degranulation,  hyperplasia  of  the  islets  and  noogene¬ 
sis  of  B  cells  from  duct  epithelium. 

In  the  present  study  the  earliest  stage  in  new  B  cell  formation  was  the 
presence  within  hyperplastic  ductules  of  single  cells  which  were  larger  and 
(litTered  tinctorially  from  the  adjacent  epithelial  cells.  These  cells  were 
rc'cognized  as  primitive  B  cells  becau.se  of  their  .similarity  to  young  intra- 
i.slet  B  cells,  which  contained  a  few  scattered  aldehyde-fuchsi!i  positive 
intracytoplasmic  granules.  Furthermore,  these  cells  were  .seen  in  direct 
continuity  with  definitely  recognizable  mature  B  cells  (Figs.  9  and  10). 

In  the  embryo  it  has  been  claimed  that  the  B  cells  may  derive  either  l)y 
differentiation  from  primitive  ductular  epithelium,  or  by  the  transforma¬ 
tion  of  acinar  cells  (38,  39).  Under  various  conditions  in  post  fetal  life  new 
formation  of  B  cells  has  been  claimed  to  occur  fiom  acinar  cells  and  from 
other  islet  cell  types  as  well  as  from  duct  epithelium  (40  -45).  The  main  evi- 
d('nce  advanced  for  the  former  types  of  transformation  has  been  either  geo¬ 
graphic  contiguity  or  the  supposed  presence  of  different  types  of  intracellu- 
liir  granules  in  the  same  cell  (40,  42,  43).  Ilowev'er,  it  is  generally  acknowl¬ 
edged  that  although  primitive  cell  types  may  differentiate  in  various  di¬ 
rections,  the  mature  cell  only  reproduces  itself.  In  our  studies  no  evidence 
of  B  cell  neogcne.sis  from  acinar  cells,  A  cells  or  D  cells  was  found.  This  is  in 
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agreement  with  the  observations  of  others  that  apparent  acino-insui  ir 
transformation  or  the  interchangeability  of  various  islet  cell  types  is  a 
artefact  either  due  to  superimposition  of  two  different  cell  types  or  to  a  c< 
fusion  of  mitochondria  with  intracytoplasmic  secretory  granules  (39). 

An  additional  finding  which  strongly  supports  these  conclusions  is  t  p 
observation  of  the  presence  in  the  pancreas  of  the  severely  diabetic  rab!  t 
of  two  different  categories  of  small  intralobular  ductules.  One  type  show*  1 
marked  vacuolization  due  to  glycogen  infiltration  while  the  other  type  was 
hyperplastic  and  non-vacuolated.  It  is  from  ductules  of  this  latter  tyjK* 
which  are  thought  to  correspond  with  the  primitive  cell  cords  described  la 
the  adult  guinea  pig  (49)  that  B  cell  neogenesis  was  observed  to  occur. 

Acknowledgments 

Tlie  authors  wish  to  acknowledge  the  technical  assistance  of  Miss  Josephine  McLeoii. 
We  are  grateful  to  Mrs.  Renee  Nakrinsky  for  editing  and  typing  the  manuscript.  I’lie 
photographs  were  prepared  by  Mr.  Herbert  Fischler. 

REFERENCES 

1.  Kr.\cht,  J.:  Xnturivissensch.  41:  336.  1954. 

2.  Kracht,  J.:  Xuturwissenseb.  42:  50-51.  1955. 

3.  Cavallkro,  C.:  Rev.  Can.  de  Biol.  12:  509-529.  1953. 

4.  Foa,  P.  P.  :  Glucagon,  the  Hyperglycemic-glycogenolytic  Hormone  of  the  Pancreas 
in:  Advances  in  Internal  Medicine,  Vol.  VI,  1954,  The  Year  Book  Publishers,  Inc., 
j)p.  29-5cS. 

5.  Korp,  P.  and  P.  M.  Lk  Comptk:  Diabetes  4:  347-366.  1955. 

6.  Salter,  J.  M.,  1.  W.  F.  Davidson  and  C.  H.  Best:  Diabetes  6:  24S-252.  1957. 

7.  Volk,  B.  W.,  S.  S.  Lazarus  and  H.  Lew:  .Metabolism  4:  .503-512.  1955. 

S.  Lazarus,  S.  S.,  B.  W.  Volk  and  H.  Lew:  J.  Clin.  Endocrinol,  tfr  Melab.  17:  .542- 
551.  19.57. 

9.  Cavallero,  C.  and  B.  Malandra:  .\rta  Endocrinologica.  13:  79-HS.  19.53. 

10.  Nelson,  N.:  J.  Biol.  Chem.  153:  375-3S0.  1944. 

11.  Masson,  P.:  J.  Tech.  Methods.  12:  7.5-94.  1929. 

12.  Bencosme,  S.  .\.:  .1..1/..I.  .\rrh.  Path.  53:  87-97.  19.52. 

13.  Gomori,  G.:  Am.  J.  Clin.  Path.  20:  66.5-666.  19.50. 

14.  Lazarus,  S.  S.:  ITipuhlished. 

15.  Gomori,  G.:  Am.  J.  Path.  17:  .39.5-406.  1941. 

16.  Lillie,  R.  D.:  Histopathologic  Technique  and  Practical  Histochemistry,  The 
Blakiston  Co.,  Inc.,  N.  Y.  19,54. 

17.  Lazarus,  S.  S.  and  S.  .V.  Bencosme:  Proc.  Sor.  Exp.  Biol,  d-  .Med.  89:  114-1  Is. 
1 955. 

18.  Bencosme,  S.  .\.  and  S.  S.  Lazarus:  .\rrh.  Path.  62:  28.5-295.  19.56. 

19.  Lazarus,  S.  S.  and  S.  .\.  Bencosme:  Iwi.  J.  Clin.  Path.  26:  1146-11.56.  19.56. 

20.  Volk,  B.  W.  and  S.  S.  Lazarus:  .1»i.  J.  Path.  34:  121-136.  1958. 

21.  Volk,  B.  W.,  S.  S.  Lazarus  and  M.  G.  Goldner:  .1..1/..1.  .\rch.  Int.  Med.  93: 
87-106.  19.54. 

22.  Goldner,  M.  G.,  B.  W.  Volk  and  S.  S.  Lazarus:  J.  Clin.  Endocrinol,  d*  Met<d>. 
14:  184-192.  19.54. 

23.  Lazaru.s,  S.  S.,  B.  W.  V'olk  and  M.  G.  Goldner:  .Metabolism.  3:  449-455.  19.'l. 


^<.i,tcmb€r,  1958  EFFECT  OF  GLUCAGON  ON  PANCREAS 


371 


2'  Bencosme,  S.  a.,  E.  Liepa  anu  S.  S.  Lazarus:  Proc.  Soc.  Exp.  Biol.  &  .Med.  90: 
387-392.  1955. 

2‘  Bencosme,  S.  S.  S.  Lazarus,  E.  Liepa,  J.  Frei  and  S.  Mariz:  Am.  J.  Path.  32: 
630.  1956. 

2i  Warren,  S.  and  P.  M.  Le  Compte:  The  Pathology  of  Diabetes  Mellitus,  Lea  & 
Febiger,  Philadelphia,  1952. 

2'  Lazarus,  S.  S.  and  B.  W.  Volk:  .1..U..I.  .Arch.  Path.  In  Press. 

2  Lazarus,  S.  S.  and  B.  W.  V'olk:  Proc.  Soc.  Exp.  Biol.  &  .Med.  94:  610-613.  1957. 

2  ‘  Lazarus,  S.  S.  and  B.  W.  Volk:  Diabetes  7:  15-  20.  1958. 

3'  .\llen,  F.  M.:  j.  .Metab.  Res.  1:  5-41.  1922. 

3  Richardson,  K.  ('.  and  F.  G.  Young:  Lancet  1:  1098-1101.  1938. 

32.  Ham,  .\.  W.  and  R.  E.  Haist:  .Im.  J.  Path.  17:  787-812.  1941. 

3  Lukens,  F.  D.  W.  and  F.  C.  Dohan:  Endocrinology  30:  175-202.  1942. 

3  .  Hausberger,  F.  X.  and  .\.  J.  Ramsav:  Endocrinology  53:  423-435.  1953. 

3  I.  Franckson,  j.  R.  M.,  W.  Gepts,  P.  .\.  Basteine,  V.  Conrad,  W.  Cordier  and 
L.  Kovacs:  .Ida  Endocrin.  14:  153-167.  1953. 

3'*.  Young,  F.  G.:  Lancet  2:  372-374.  1937. 

37.  Young,  F.  G.:  .\ew  England  J.  .Med.  221:  635-646.  1939. 

3s.  V^AN  Campenhout,  T.:  .Arch.  Biol.  37:  9-171.  1927. 

39.  Bencosme,  S.  .\.:  .Am.  J.  Anal.  96:  103-152.  1955. 

40.  Baker,  B.  L.:  .\  Comparison  of  the  Histologic  Changes  Iiuluced  by  Experimental 
Hyperadrenocorticism  and  Inanition;  In:  Recent  Progress  in  Hormone  Research, 
Pincus,  G.  (Ed).  .\cad.  Press.  N.  Y.  7:  331-337.  1957. 

41.  SiMARD,  L.  C.:  Rev.  Can.  de  Biol.  1:  2-49.  1942. 

42.  House,  E.  L.:  Endocrinology  62:  189-200.  1958. 

43.  Gomori,  G.:  Arch.  Path.  36:  217-232.  1943. 

44.  Florentin,  P.  and  1).  Picard:  Rev.  Franc,  d’endocrin.  14:  1-27.  1936. 

45.  WoERNER,  C.  .\.:  .Inal.  Rec.  71:  33-57.  1938. 

46.  Bensley,  R.  R.:  .Im.  J.  .Inal.  12:  297-388.  1911. 


THE  BI0AS8AY  OF  THYROTROPIN  IN  SERUAP 

j.  M.  McKenzie 

Ziskind  Research  Laboratories,  Xew  England  Center  Hospital,  and  the  Department 
of  Medicine,  Tufts  University  School  of  Medicine,  Boston,  Massachusetts 

ABSTRACT 

A  bioassay  tet-hnique  for  thyrotropin  in  scrum  was  developed  from  that  of 
Adams  and  I’urves.  Mice  were  injected  witli  I'®'  and  then  had  endogenous 
thyrotropin  sup[)ressed  by  tlie  administration  of  thyroxine  followed  by  thyroid 
j)owder.  The  eflfeet  of  an  intravenous  injection  of  thyrotropin  or  the  test  sub- 
statiee  was  measured  by  the  percentage  increase  in  blood  This  had  a  linear 
relationship  to  the  logarithm  of  the  dose.  Sensitivity  of  0.025  mu.,  with  an  injec¬ 
tion  volume  of  0.5  ml.,  and  an  average  index  of  jjreeision  (X)  of  0.24  were 
achieved. 

t\'ith  this  technique  thyrotropin  in  the  sera  of  (>  patients  with  myxedema 
was  measured.  Kndogenous  thyrotropic  activity  was  shown  to  travel  on  eleetro- 
j)horesis  with  gamma  globulin  of  such  sera  and  was  also  present  only  in  the 
gamma  globulin  fraction  (II)  of  Cohn  fractions  of  human  plasma. 

IT  IS  50  years  since  Renoii  and  Delille  (1)  described  how  tlie  thyroid  of 
rabl)its  which  had  been  injected  with  an  hypophyseal  extract  was  “Ic 
siege  de  modifications  t res  remarrinables.”  Since  the  first  quantitative  assay 
of  thyrotropin  in  1932  (2),  there  have  been  many  others  described  and 
many  clinical  studies  reported  where  the  concentration  of  thyrotropin  in 
human  blood  or  urine  has  been  studied.  A  bioassay,  however,  is  still  to  1)(( 
described  which  measures  unequivocally  normal  or  subnormal  concent la- 
tions  of  this  hormone  in  human  blood. 

Few  attempts  appear  to  have  been  made  to  concentrate  the  thyrotroj)ic 
activity  in  blood.  Fellinger’s  method  (3)  has  been  used  by  several  investi¬ 
gators  (4,  5,  (),  7).  Albert  (8),  however,  cast  con.siderable  doubt  on  the 
efficiency  of  this  method,  pointing  to  the  poor  results  obtained  when  pitui¬ 
tary  thyrotropin  is  added  to  and  recovered  from  whole  blood.  This  lo>s 
was  earlier  demonstrated  by  Collard  and  his  collaborators  (5).  Purves 
and  Griesbach  (9)  suggested  there  were  dangers  of  modifying  the  activity 
of  the  circulating  thyrotropin  during  the  process  of  cencentration  and  pn*- 
ferred  to  use  whole  serum. 

A  sensitive  assay  has  been  developed,  adapted  from  that  of  Adams  and 
Purv'es  (10)  and  the  po.s.sibility  of  concentrating  serum  thyrotropic  acti  •- 
ity  by  electrophoresis  examined.  Preliminary  reports  on  this  work  have  d- 
ready  been  published  (11,  12). 

Received  April  22,  195H. 

‘  This  work  formed  ])art  of  a  thesis  submitted  for  the  degree  of  M.D.  of  the  I  di¬ 
versity  of  St.  Andrews,  Scotland. 
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METHODS 

Fcinalo  albino  mice,  Swiss- Webster  strain,  obtained  from  Taeonie  Farms,  New  Yoi  k, 
(.‘■re  used  exclusively.  They  arrived  with  a  mean  weight  of  15  gm.  and,  unless  otherwise 
i-Mted,  were  fed  on  finely  ground  dog  biscuit  (Ken-l-ration)  which  was  of  low  iodine 
(  ntent  (250  jag. /kg.).  When  blood  specimens  were  required,  they  were  taken  by  vcnc- 
1  incture  after  the  animals  had  been  kept  at  a  temperature  of  29-31°  ('  for  45  minutes. 

'i  lil  veins  were  punctured  with  a  24  gauge  needle  and  the  blood  which  welled  on  to  tiie 
;•  in  surface  was  aspirated  by  the  use  of  a  1  ml.  tuberculin  syringe.  The  tail  veins  were. 

;•  -o  used  f(»r  intravenous  injections.  C’arrier-free  radioiodine  (1'^')  was  injected  intra- 
}  ritoneally  and  thyroxine  subcutaneously  in  the  dorsal  neck  r('gion.  'riiyroxine  solu- 
t  ms  were  nnnle  fresh  before  use,  as  were  the  solutions  of  the  thyrotropin  standard 
I  .S.P.  Thyrotropin  Reference  Standard). 

In  vivo  and  m  vitro  counting  of  radioactivity  in  mouse  glands  was  carried  out  by 
1  cans  of  a  suitably  shielded  scintillation  counter.  Sufficient  total  counts  were  made  to 
ve  a  probable  error  (P.E.)  of  less  than  1%.  P’*  in  blood  was  counted  by  plating  U.l  ml. 
-jiecimens  on  aluminum  planchettes.  When  the  blood  was  dry,  radioactivity  was  counted 
I  y  either  a  gas  flow  counter  or  a  gas  flow  end-window  counter  (Nuclear-Chicago  .Model 
l>-47).  For  counting  done  with  the  former  instrument  P.E.  averaged  3%  and  with  the 
latter,  which  was  u.sed  in  conjunction  with  an  automatic  sample  changer,  2%. 

Blood  to  be  assayed  was  obtained  from  various  ])atients  by  venepuncture  and  re¬ 
frigerated  overnight  before  the  serum  was  separated.  Serum  was  stored  at  4°  t’  until 
>iiortly  before  assay. 

Starch  block  clectroirhoresis  was  carried  out  by  the  method  described  by  Kunkel  and 
Slater  (13),  with  a  few  modifications.  .Vn  almost  dry  suspension  was  made  of  jrotato 
starch  in  borate  buffer,  pH  S.fi.  The  jrotato  starch  was  previously  washed  with  this 
buffer  until  the  washings  were  similarly  alkaline.  \  barely  fluid  suspension  of  starch  in 
st'ium  and  buffer  was  poured  into  a  slit  in  the  center  of  the  starch  block.  Three  ml. 
specimens  of  serum  were  fractionated,  the  electrophoresis  being  carried  out  at  4°  C’  for 
various  periods  ranging  from  (>  to  15  hours,  with  a  current  of  2-10  milliamps.  .Vfter 
electrophoresis  the  block  was  cut  into  1  cm.  .segitients  and  eluted  with  1%  saline,  d'he 
distribution  of  protein  was  determined  by  spectro])hotometry  at  27S  m/x.  and  approjjii- 
ate  eluates  combined,  dialyzed  against  tap  water  and  finally  lyophilized. 

The  residting  powders  were  weighed  and  dis.solved  in  1%  saline,  with  minimal  alkali 
where  necessary,  immediately  before  assay.  Their  identity  was  subsequently  confirmed 
Ity  electrophoresis  on  pajjer  at  pH  S.6,  whole  serum  being  simultaneously  electro- 
phoresed. 


RESULTS 

.\,  Development  of  the  assay  technique 

1)  Suppression  of  endogenous  thyrotropin.  The  etTeet  of  exogeiiou.s  tliy- 
loid  liormone  on  the  suppression  of  endogenous  thyrotropin  secretion  was 
investigated  l)y  measuring  the  effect  on  radioiodine  uptake  (Figs.  1  and  2). 
.V  single  subcutaneous  injection  of  10  jug.  .'-thyroxine  increasingly  sup¬ 
pressed  the  uptake  for  4  days.  There  was  rapid  return  to  normal  (or  supra- 
iiormal)  uptake  figures  in  5th  and  Oth  days.  Thyroid  powder  (U.S.P.) 
added  to  the  “Ken-l-ration”  diet  at  0.066%  concentration  gave  optimal 
uppression  of  uptake.  The  routine  adopted  therefore  was  to  give  a  single 
"ubcutaneous  injection  of  10  jug.  thyroxine  and  add  0.066%  thyroid  pow- 
ler  to  the  diet  at  this  point. 
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'  Fig.  1.  Effect  of  a  single  injection  of  /-thyroxine  on  uptake.  10  /xg.  was  injected 
subcutaneously  into  each  animal.  Mean  and  standard  error  of  the  mean  of  4  observations 
are  shown  in  each  instance. 

2)  Maximum  permissible  (hyroid  content  of  I‘®‘.  Tliyrotropic  effect  was 
to  he  measured  by  the  increase  in  circulating  radioactivity  re.sulting  from 
an  intravenous  injection  of  the  test  substance.  It  was  desirable,  therefore, 
to  have  the  maximum  quantity  of  I*®*  in  the  thyroid  gland  of  the  mice, 
short  of  producing  radiation  damage.  This  quantity  was  estimated  as 
shown  in  Fig.  3.  Mice  were  injected  with  various  doses  of  and  in  vivo 


Fig.  2.  Effect  on  I*’’  uptake  of  feeding 
thyroid  powder  for  one  week.  Mean  and 
standard  error  of  the  mean  of  5  observa¬ 
tions  are  shown  in  each  instance. 
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neck  counts  carried  out  at  12  hours  and  frequently  over  the  next  17  days. 
The  release  of  from  the  mouse  glands  was  plotted.  It  was  assumed  that 
radiation  damage  was  associated  with  an  increased  rate  of  release  from  the 
animals’  thyroids,  i.e.,  an  increase  in  steepness  of  the  release  slope.  Thus  it 
was  determined  that  more  than  2  juc.  in  the  thyroid  gland  of  the  mouse 
might  he  associated  with  radiation  damage.  Since  after  a  week  on  the  low 
iodine  diet  I'*’  uptake  averaged  20%,  routinely  8  pc.  was  injected,  thus 
achieving  an  average  thyroid  gland  content  of  1.0  pc. 

Thyroxine  injected  subcutaneously  immediately  following  the  was 
found  not  significantly  to  affect  the  uptake.  The  routine  for  preparing  mice 
for  assay  purposes  is  therefore  as  shown  in  Talde  1.  Three  days  were  al¬ 


lowed  for  the  clearance  of  blood  radioiodide.  This  was  the  procedure 
adopted  by  Adams  and  Purves  (10)  in  their  assay  technique  and  it  proved 
to  be  appropriate  for  this  method  also. 

Table  1.  Prefaration  of  mice  for  assay  purposes 

I  )ay  1 

Froredure 

1-  8 

I.ow  iodine  diet 

8 

Iiitruperitoiieal  injection  of  8  m'.  U^*  followed  by  the 
subcutaneous  injection  of  10  jug-  /-thyroxine 

Addition  to  diet  of  0.()‘>t)%  thyroid  powder 

9-11 

Tinu*  allowed  for  uptake  or  excretion  of  radio-iodide 

12-14 

Animals  available  for  assays 

ii)  Measurement  of  thyrotropic  activity.  Thyrotropin  was  injected  intra¬ 
venously.  The  time  of  maximal  effect  on  circulating  radioactivity  was 
found  to  occur  after  2  hours  (Fig.  4). 

Comparison  was  made  of  the  dose-response  relationship  in  4  ways.  The 
increase  in  blood  at  2  hours  was  calculated  both  as  a  %  increase  on  the 
initial-  activity  and  as  an  absolute  increase.  The  latter  was  expre.ssed  as 
counts  per  minute  per  0.1  ml.  of  blood.  Both  of  these  effect  metameters 
were  plotted  against  the  dose  of  thyrotropin  expressed  either  on  a  logarith¬ 
mic  or  arithmetic  scale.  Absolute  increase  with  log  dose,  and  %  increase 
with  arithmetic  dose,  were  found  not  to  have  a  linear  relationship.  Abso¬ 
lute  increase  with  arithmetic  dose  and  %  increase  with  log  dose  both  gave 
linear  results.  Statistics  applicable  to  the  latter  relationship  are  well 
recognized  so  it  was  adopted  for  assay  purposes.  A  typical  assay  curve  is 
shown  in  Figure  5. 

4)  Specificity.  Various  substances  were  used  to  determine  the  specificity 
of  the  technique.  Injection  of  0.2  ml.  saline  was  made  on  55  occasions  and 
the  effect  judged  after  2-3  hours.  A  slight  fall  in  radioactivity  occurred, 
with  a  mean  response  of  97%  (i.e.,  %  of  an  initial  blood  radioactivity)  and 
a  standard  deviation  of  4%. 
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TIME  AFTER  INJECTION  OF  l'•'-DAYS 


Fig.  3.  Estimation  of  maximum  per- 
missihh'  content  of  tiiyroid  gland. 
•Mean  and  standard  error  of  the  mean  are 
sliown  in  every  instance. 


TIME  AFTER  INJECTION  TMVROTROPiN-MOURS 

Fig.  4.  Time  of  maximum  effect  of  I.V. 
thyrotropin  on  blood  Mean  and  stand¬ 
ard  error  of  the  mean  of  results  in  G  mice 
are  shown  in  each  instance.  Control  is  the 
mean  and  standard  deviation  of  results 
from  the  injection  of  saline. 


Since  the  handling  of  the  mice  was  ol>viou.sl3'  stressful  to  them,  the  effect 
of  adrenaline  and  of  hydrocortisone  was  studied.  Adrenaline  in  doses  of 
O.Oo  jug.  and  1  mS-  per  animal  was  injected  intravenously  and  the  effect  on 
the  blood  radioactivity  determined  after  2  hours.  The  results  were  not  sig¬ 
nificantly  different  from  those  obtained  with  the  injection  of  saline.  One 
Mg.  was  little  short  of  the  lethal  dose  of  adrenaline  by  the  intravenous 
route.  (On  a  weight  basis  it  would  be  equiv  alent  to  about  3.5  mg.  in  a  70 
kg.  man.) 

Similarly,  do.ses  of  0.01  mg.  and  0.1  mg.  of  hj  drocortisone  produced  no 
significant  elevation  of  blood  radioactivity  2  hours  after  their  intrav’enous 
injection.  0.1  mg.  hjdrocortisone  is  comparable,  again  on  a  weight  for 
weight  basis,  with  about  350  mg.  in  man. 

As  is  detailed  later,  various  extracts  of  serum  and  plasma  produced  no 
thyrotropin-like  effect.  A  glacial  acetic  acid  extract  of  human  pituitaries 
was  also  tested.^  This  was  a  highly  potent  preparation  of  growth  hormone 
and  by  other  standards  contained  very  little  thyrotropin.  It  had  a  protein 
content  of  25  mg.  per  ml.  Doses  of  0.25  ml.  of  this  preparation  demon¬ 
strated  a  small  thyrotropin-like  effect,  quite  acceptable  aS^  the  result  of 
minimal  contamination  of  the  extract  with  thyrotropin. 

*  1  am  grateful  to  Dr.  M.  S.  Raben  for  the  supply  of  this  extract. 
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5)  Sensitivity  and  precision.  0.025  mu.  was  the  lower  limit  of  detection  of 
tliyrotropin  by  this  technique.  This  was  with  a  volume  of  injection  of  0.2 
to  0.5  ml.  1.0  mu.  was  the  maximum  dose  tested  and  this  was  still  within 
the  range  of  linear  re.sponsiveness. 

The  average  index  of  precision  (X)  was  0.24.  Table  2  lists  mean  standard 
deviations,  .slopes  and  values  for  X  for  11  assays  with  3  doses  of  standard 
thyrotropin  and  similar  results  calculated  from  assays  with  2  doses  of 
standard. 


Table  2.  Precision  of  assay 


No.  of 

No.  of  j 

X  (s/1)) 

do.ses 

assays  j 

Mean 

8.1). 

Range 

n 

.')7.‘) 

270 . 2 

0.230 

0.074 

0.1 37-0.  :145 

2 

1 1 

00. () 

207 

0.243 

0.000  ' 

0.128-0.378 

2-3 

22 

50.3  ' 

208 . 0 

0 . 240 

0.070 

0.128-0.:i78 

Dose.s  of  thyrotropin  ranged  from  0.1)2.')  to  1.0  mn.  s,  li  and  X  were  calcnlated  as  descril)ed 
!)>•  tJaddiini  (14). 


From  this  index  the  approximate  minimum  error  to  be  expected  when 
standard  and  unknown  have  etpial  average  effects  may  be  calculated  (14). 
The  minimum  variance  [Ffil/)]  of  the  logarithm  of  the  result  of  the  assay 
etpials  4XVA^,  where  N  denotes  the  total  number  of  animals  used  in  an 
assay.  It  was  found  convenient  to  use  a  4-point  assay  technitpie  with  0  ob¬ 
servations  for  each  of  2  do.ses  of  the  standard  thyrotropin  and  the  unknown 
preparation.  Thus  with  a  total  of  24  mice: 

V{M)  =  4X2/.V  =  4  X  (0.24)2/24  =  0.0000 
Minimum  standard  deviation  of  the  logarithm  of  the  result 
=  VO.OOOO  =  0.008 

Antilog  0.008  =  1.253 

The  error  of  an  assay  would  therefore  be  about  25%. 

B.  Application  of  the  assay  method 

Sera  of  patients  with  myxedema.  Thyrotropin  was  detected  in  the  whole 
serum  of  one  patient  with  acromegaly  which  was  no  longer  progressive  and 
of  6  with  myxedema.  The  diagnosis  of  myxedema  was  confirmed  by  estima¬ 
tion  of  serum  protein-bound  iodine  in  all  cases  and  in  5  also  by  measure¬ 
ment  of  the  thyroid  gland  uptake  of  Results  of  the  assays  in  4  of  the.se 
patients  with  myxedema  are  .shown  in  Table  3.  The  statistical  calculation 
of  the.se  was  as  described  l)y  Gaddum  (14). 

®  Dr.  C.  E.  Cassidy  kindly  gave  me  clinical  data  on  these  patients  who  were  under  his 
care. 
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Table  3.  Thyrotropix  concextratiox  ix  sera  from  patients 
WITH  myxedema 


! 

Patient  No. 

.\ssav  design 

Estimate  of  thyrotropin  per  ml.  serum  {P=0.95) 

(C:S)* 

Mean 

1  Upper  limit 

Lower  limit 

3  ! 

1:2 

0.G4  mu. 

i  1.00  mu. 

0.03  mu. 

5 

1 :2 

0.12  mu. 

0.28  mu. 

0.00  mu. 

<) 

1:3 

0.13  mu. 

0.21  mu. 

0.08  mu. 

7 

1:2 

0.343  mu. 

0.332  mu. 

0.358  mu. 

*  I’ =  unknown,  i.e.  serum. 

S  =  standard  thyrotropin. 

Calculation  of  the  fiducial  limits  was  carried  out  as  ilescrihed  hy  (laddum  (14). 


Fractionation  of  sera  from  myxedematons  patients.  Sera  from  5  patient.*? 
with  myedema  were  fractionated  b\’  the  technique  of  .starch  block  electro¬ 
phoresis.  Separate  fractions  containing  albumin,  alpha  globulins,  beta 
globulins  and  gamma  globulins  were  olitained  in  each  case  and  assayed  for 
thyrotropin.  This  activity  was  found  on  each  occasion  to  be  with  the 
gamma  glolnilin  fraction  only.  Detailed  re.sults  of  3  such  assays  are  given  in 
Table  4. 

Assay  of  Cohn  plasma  fractions.  Cohn  fractions  of  human  plasma  (ob¬ 
tained  from  the  American  Red  Cro.s.s)  were  te.sted.  Two  per  cent  solutions 


05  is  45 
DOSE  -mu 


Fig.  5.  Dosp-response  curve.  Dose  is 
plotted  on  a  logarithmic  scale.  Mean  and 
standard  error  of  the  mean  are  shown  in 
each  instance,  s  =  mean  standard  devia¬ 
tion.  b  =  slope. 


O 

o 


50 


standard  OOSmu  O  2mu 

COHN  n  4®/ 

Fig.  6.  .\ssay  of  Cohn  fraction  II.  Re¬ 
sults  obtained  with  I’.S.P.  Thyrotropin 
Reference  Standard  are  plotted  in  solid 
lines  and  with  Cohn  fraction  II  in  inter¬ 
rupted  lines.  Mean  and  standard  error  of 
the  mean  of  (i  observations  are  shown  in 
each  iiLstance.  Each  injection  had  a  volume 
of  0.2  ml. 
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Table  4.  Assay  ok  seri  m  y  globulin  fractions  from  patients 

WITH  MYXEDEMA 


Patient  No. 

1 

i  .\ssav  design 
(  (U:S)* 

Estimate  of  thyrotropin  per  ml.  serum  (P=t).95) 

Mean 

j  Upper  limit  i 

Lower  limit 

5 

0.70  mu. 

1.30  mu. 

0.43  mu. 

(j 

1:2 

0.15  mu. 

;  0.30  mu.  ! 

0.07  mu. 

8 

1:3 

0.302  mu. 

i  0.02  mu. 

0.21  mu. 

*  U  =  unknown,  i.p.  scruin. 

S  =standard  thyrotropin. 

Calculation  of  the  fiducial  limits  was  carried  out  as  ilescrihed  hy  (iaddum  (14). 


of  fractions  I,  IV-1  and  IV-4  and  a  5%  solution  of  fraction  V  (all  lacking 
gamma  globulin)  were  found  to  have  no  demonstrable  thyrotropic  activity. 
Fraction  III  (mainly  beta  globulin  with  a  small  content  of  gamma  globu¬ 
lin)  had  minimal  demonstrable  activity,  in  a  2.7%  solution.  Fraction  II 
(gamma  globulin  with  a  small  content  of  beta  globulin)  produced  definite 
responses  and  was  tested  at  concentrations  of  1%  and  4%  as  a  4-point 
assay  (Fig.  6).  Thyrotropin  content  was  found  to  be  0.166  mu.  per  ml. 
plasma  (assuming  fraction  II  to  be  0.66%  in  normal  plasma)  (IT))  with  a 
95%  probability  range  of  0.1-0.28  mu.  The  parallelism  of  the  response  to 
the  Cohn  fraction  with  the  response  to  the  thyrotropin  standard  was  tested 
as  described  by  Gaddum  (14).  Deviation  from  parallel  was  not  significant 
(P  =  0.2-0. 1). 

DISCUSSION' 

According  to  Albert  (8)  in  1947  it  could  not  be  stated  that  “TSIl  has 
lieen  unequivocally  found  in  serum.”  Sin^e  then  a  few  reports  have  been 
published  of  apparent  unequivocal  demonstration  of  the  presence  of  thyro¬ 
tropin  in  the  serum  of  humans  with  various  states  of  thyroid  function  (9, 
16,  17,  18).  The  sensitivity  of  the  assay  techniques  in  the  last  three  of  these 
reports  was  0.1  mu.  (19),  0.15  mu.  (20)  and  0.1  mu.  (10).  The  sensitivity  of 
the  method  described  here  is  superior  to  these  and  its  success  in  detecting 
thyrotropin  in  serum  from  patients  with  myxedema  was  not  unexpected. 
With  the  facility  of  injecting  0.5  ml.  of  serum  into  the  test  animal,  a  sensi¬ 
tivity  of  0.025  mu.  thyrotropin  should  make  the  techniipie  applicable  in  a 
variety  of  clinical  states. 

The  average  concentration  in  normal  human  serum  is  not  yet  estab¬ 
lished.  Gilliland  and  Strudwick  (17)  measured  thyrotropin  in  the  serum  of 
2  normal  individuals  and  in  the  pooled  serum  of  6  volunteers.  Their  aver¬ 
age  for  these  3  tests  was  39  mK-  thyrotropin  per  100  ml.  This  was  equivalent 
to  0.165  mu.  thyrotropin  ml.'’  However,  they  failed  to  detect  activity  in 

^  The  potency  of  tlic  standard  jircparation  (R  3771  iiS)  used  by  (Jilliland  and  Strud- 
wick  was  0.433  U.S.P.  unit,  ing.  I  am  Riateful  to  1).  Purdie  of  The  Armour  Laboratories, 
Eastbourne,  Sussex,  England,  for  this  information. 
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the  sera  of  another  2  normal  subjects.  DiGeorge,  D’Angelo  and  Paschkis 
(21)  reported  0.4  mu.  ml.  as  the  average  normal  in  their  experience.  In  the 
assay  of  Cohn  fractions  reported  here,  virtually  all  the  thyrotropic  activity 
was  found  with  fraction  II.  If  this  were  accepted  as  the  total  activity,  an 
estimate  of  0.166  mu.  ml.  is  obtained.  Despite  the  rationalization  of  Greer 
and  Shull  (22)  that  there  must  be  in  normal  humans  less  than  0.06  mu. 
thyrotropin  per  ml.  of  serum,  an  average  of  about  0.2  mu.,  ml.  would  ap¬ 
pear  to  be  very  probable. 

On  2  occasions  comparison  was  made  between  the  thyrotropin  concen¬ 
tration  found  using  whole  serum  and  an  extract  of  that  serum.  In  one 
(No.  5)  much  greater  activity  was  found  in  the  extract  than  in  the  serum. 
An  explanation  is  not  obvious  but  it  could  have  a  bearing  on  Postel’s  find¬ 
ing  (23)  of  a  thyroid  inliibiting  activity  in  an  extract  (apparently  alpha 
globulins)  of  serum.  No  depression  of  blood  was  found  in  the  present 
study  after  the  injection  of  any  of  the  serum  components,  however. 

Serum  No.  6  was  assayed  with  almost  identical  concentrations  of  activ¬ 
ity  being  found  in  the  whole  serum  and  in  the  gamma  globulin,  viz.  0.13 
and  0.1")  mu.  ml.  respectively.  This  was  lower  than  the  activity  found  in 
the  serum  from  the  other  myxedematous  patients.  It  is  noteworthy  that 
this  patient  had  an  intravenous  injection  of  an  iodine  containing  organic 
chemical,  for  renal  phelography,  3  hours  before  blood  was  withdrawn  for 
assay  purposes.  Tliere  was  very  high  iodine  content  of  both  (he  .serum  and 
tlie  gamma  globulin,  and  this  might  well  have  had  an  inhibiting  effect  on 
any  tliyrotropin  present.  Such  inhibition  has  been  demonstrated  by  in 
vitro  technicjues  (8).  The  action  of  iodine  in  vivo  is  far  from  being  clearly 
understood  but  opposition  to  the  action  of  thyrotropin  has  been  po.stulated 
and  given  some  experimental  backing  (24,  25).  An  alternative  theory  is 
that  iodine  acts  by  inhibiting  the  pituitary  secretion  of  thyrotropin  (26). 
This  could  equally  well  explain  the  finding  of  low  thyrotropin  content  of 
the  serum  of  this  patient. 

Tlie  finding  of  thyrotropic  activity  persistently  and  solely  with  gamma 
globulin  is  at  variance  with  the  statement  of  Cohn  (27)  that  it  was  with 
beta  glolnilins,  and  the  findings  of  Querido  and  his  colleagues  (28)  that 
it  was  variably  and  unpredictably  with  Cohn  fractions  II,  III  and  IV-4. 
Tlie  assay  technique  of  the  latter  workers  was  not  very  sensitive  and  it  may 
be  that  in  the  few  cases  they  have  reported  of  detecting  thryotropin  in 
.serum,  the  very  high  concentration  of  the  hormone  led  to  accociation  with 
other  serum  proteins.  Roberts  (29)  found  thyrotropin  mainly  with  al¬ 
bumin  but  stressed  he  was  using  rats  with  abnormal  blood  concentrations 
as  the  result  of  thyrotropin-secreting  tumors.  It  is  intere.sting  that  thyro¬ 
tropin  of  bovine  pituitary  origin,  when  added  to  serum,  was  found  to  travel 
on  electrophoresis  with  gamma  globulin  (23). 

The  validity  of  a  standard  of  bovine  pituitary  origin  for  the  assay  of  the 
hormone  in  human  blood  was  tested  statistically  on  one  occasion  with 
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Cohn  fraction  II.  The  deviation  from  parallelism  was  not  statistically  sig¬ 
nificant.  Attention  has  recently  (30)  been  drawn  to  the  difficulty  of  assay¬ 
ing  chorionic  gonadotropin  and  adrenocorticotropic  hormone  in  blood  ex¬ 
tracts  against  .standards  from  .sources  other  than  blood.  With  thyrotropin, 
the  slope  of  the  response  curve  in  the  assay  of  extracts  of  human  urine 
specimens  was  reported  (31)  to  be  “con.sistently  lower  than  the  slope  of  the 
standard  T8II  curve.”  Otherwise  the  question  of  the  identity  of  action  of 
the  present  day  standard  of  thyrotropin  and  the  hormone  in  human  blood 
does  not  appear  to  have  been  rai.sed.  The  reasonably  parallel  respon.ses  ob¬ 
tained  with  standard  thyrotropin  and  Cohn  fraction  II  in  the  present  study 
would  favor  such  an  identity,  but  a  final  answer  will  require  the  prepara¬ 
tion  of  an  extract  of  purity  comparable  with  that  of  the  standard. 
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NOTES  AND  COMMENTS 


THE  IX  VIVO  EFFECT  OF  FERITY  AND  MODE  OF  ADMINISTRATION 
OF  GLUCAGON  ON  GLYCOGENESIS 

ABSTRACT 

Fastfd,  white  rats  were  given  simultaneous,  intraperitoneal  injections  of  glucose 
and  either  amorphous  or  crystalline  glucagon.  The  animals  were  sacrificed  three 
hours  after  the  injections  and  the  amount  of  glycogen  deposited  in  the  liver  was 
measured. 

When  the  amorphous,  or  50%  pure  glucagon  was  administered,  there  was  less 
glycogen  found  for  the  same  time  period  when  compared  with  the  administration 
of  the  crystalline  glucagon.  The  effect  of  the  crystalline  glucagon  could  be  potenti¬ 
ated  by  injecting  it  subcutaneously. 

Though  the  presence  of  glueagon  in  the  pancreas  has  been  surmised  since  1923,  only 
recently  has  a  very  pure  preparation  of  this  material  been  available  (1).  Prior  to  1953, 
workers  used  either  crude  extracts  of  the  pancreas  or  partially  purified  substances  when 
studying  glucagon  effects.  During  studies  initiated  to  investigate  the  in  vivo  influence 
of  this  particular  pancreatic  factor  on  glycogenesis  in  liver  and  muscle  (2),  it  was  noted 
that  two  lots  of  glucagon*  produced  different  results.  Contrary  to  what  was  expected, 
crystalline  glucagon  was  less  effective  in  depleting  liver  glycogen  than  was  an  amorphous 
product  which  was  only  50%  pure. 

In  an  effort  to  elucidate  the  rea.son  for  this  variation,  it  was  also  found  that  intra- 
l)eritoneal  and  subcutaneous  injections  of  glucagon  led  to  significantly  different  results. 

MKTHODS 

The  method  of  studying  glycogenesis  as  reported  previously  (3),  was  followed  with 
slight  modifications.  Female  white  rats  of  Wistar  strain,  weighing  between  190  and  210  gm. 
were  fasted  for  24  hours.  At  the  end  of  that  time,  they  received  an  intraperitoneal  injection  of 
glucose  in  10%  solution  at  a  dose  level  of  2  gm.  per  kg.  of  body  weight.  Simultaneously,  gluca¬ 
gon,  dissolved  in  bicarbonate  buffer,  pH  8.6,  was  injected  either  intraperitoneally  or  sub¬ 
cutaneously  over  the  abdomen  in  concentration  such  that  the  volume  injected  was  1  cc.  per 
100  gm.  of  body  weight.  Control  animals  received  buffer  and  gluco.se  or  saline.  .\t  the  end  of 
a  predetermined  time,  the  animals  were  anesthetized  with  an  overdose  of  Sodium  Nembutal. 
Residual  fluid  in  the  peritoneal  cavity  was  aspirated  and  a  sample  of  blood  was  drawn  from 
the  heart.  The  liver  was  then  quickly  excised  for  multiple  extraction  with  5%  trichloro¬ 
acetic  acid  according  to  the  method  of  Carroll,  el  nl.  (4)  for  glycogen.  The  glvcogen  was  pre¬ 
cipitated  from  the  acid  with  5  volumes  of  absolute  ethanol  and  measured  with  anthrone 
reagent.- 


RKSULT.S 

P'igure  1  pre.sents  the  comparison  of  the  effects  of  amorphous  and  crystalline  glucagon 
on  glycogenesis  in  the  liver  3  hours  after  the  intraperitoneal  injection  of  glucose  and 
glucagon.  The  figures  above  the  columns  refer  to  the  fact  that  the  amorphous  prepara¬ 
tion  was  given  in  the  dosages  of  1  and  5  mg.  per  kg.  of  body  weight;  and  the  crystalline 
glucagon  was  given  at  dose  levels  of  0.5  and  2.5  mg.  per  kg.  of  body  weight,  which  on 
the  basis  of  100%  purity  would  corr(*spond  to  the  dose  levels  of  the  50%  pure  material, 
and  5  mg.  per  kg.,  which  was  used  for  compari.son  with  the  higher  amorphous  dose  on 
the  possibility  that  the  amorphous  was  more  than  50%  pure. 

.\t  both  dose  levels  of  the  less  pure  sample,  there  was  a  significant  decrease  from  the 

Received  March  29,  1958. 

*  The  gift  of  the  glucagon  from  Dr.  W.  R.  Kirtley,  Lilly  Research  Laboratories  is 
gratefully  acknowledged.  Amorphous  glueagon  was  Lot  No.  258-234B-40,  and  crystal¬ 
line  glucagon  was  Lot  No.  258-234 B-54-2. 
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GLYCOGEN 


Fig.  1.  Coiiiiiiirison  of  the  effect  on  amorphous  and  crystalline 

glucagon,  3  hours  after  intraperitoneal  injection. 

glycogen  found  when  glucose  alone  was  given.  The  glycogen  levels  of  the  animals  treated 
with  the  erystalline  glucagon  were  about  two  times  as  high  as  those  receiving  an  equiva¬ 
lent  dose  (»f  the  amorphous  jiroduct.  Even  the  intratMuitoneal  injectitin  of  the  crystalline 
glucagon  at  a  level  of  o  mg.  per  kg.  did  not  cause  as  great  a  depression  of  liver  glycogen 
as  ilid  the  o  mg.  of  the  inquire  material.  The  difference  between  tho.se  two  was  signifi¬ 
cant  (P<.()5). 

Since  both  lots  of  glucagon  contained  less  than  O.Oo  u.  of  insulin  per  mg.,  another 
e.xplanation  was  sought.  It  was  further  seen  from  the  analyses  of  the  peritoneal  fluid  that 
the  absoridion  of  glucose  was  similar  under  both  conditions.  Thus,  it  was  felt  that  the 
difference  could  be  explained  on  the  basis  of  either  a  slower  absorption  from  the  peri- 
toiu'al  cavity  or  liy  a  slower  destruction  by  the  tissues  of  the  impure  sample  of  glueagon; 
either  or  both  effects  might  be  due  to  the  extraneous  mati'rial  pre.sent  as  impurity. 


T.\BI.E  1.  (^)MI’ARISO\  OF  IXTRACERITOXEAI.  AM)  SI  BCI  TAXEOIS  Rf)l  TE 
OF  ADMIMSTRATIOX  OF  CRYSTAI.MXE  OI.reAOOX 


( iliicagon 

Liver  glycogen, 

mg. /1 00  gm.  liver 

mg. /kg.  body  wt.j 

Inlraperitoneal 

Subcutaneous 

nunc  1 

140.4  +  01  .4  S.E. 

401.1  +83.5  S.E. 

1 

(!» 

(«) 

1  hour  0..5  1 

51.7+20.3 

7.2+  1.2 

i  j 

(10) 

(8) 

5.0  1 

7 . 7  ±  3.5 

(5) 

none  i 

014.5  +  100.0 

053.3+58.3 

1 

(«) 

(7) 

3  hours  0.5 

010.0  +  133.4 

153.1  +28.1 

(8) 

(10) 

5.0 

522.7+  58.0 

4.3+  2.8 

(8) 

(7) 

Figures  in  parentheses  refer  to  number  of  animals. 
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However,  from  the  work  of  Kenny  (5)  using  partially  i)ure  prej)arations,  and  that  of 
Narahara  (6)  using  iodinated  crystalline  glucagon,  in  in  vitro  systems,  it  would  appear 
that  both  are  inactivated  or  degraded  at  relatively  similar  rates. 

Table  1  shows  the  results  obtained  when  the  absorption  of  the  crystalline  glucagon 
Is  slowed  by  means  of  injecting  subcutaneously.  At  1  hour,  there  is  not  much  differentia¬ 
tion,  both  modes  of  administration  caused  similar  and  significant  depressions  of  liver 
gh'cogen.  .\t  3  hours,  the  difference  was  obvious,  with  the  subcutaneous  route  of  injec¬ 
tion  potentiating  the  glycogen  depressing  effect  considerably. 

The  possibility  thus  seems  to  e.xist  that  the  presence  of  the  impurity  has  a  tendency 
to  slow  the  absorption  of  the  glucagon  from  the  peritoneal  cavity  and  potentiate  its 
effects  over  a  longer  period  of  time.  This  might  be  due  to  the  attachment  of  the  active 
glucagon  moiety  to  that  of  the  impurity  to  form  a  much  larger  molecule  which  is  only 
dowly  absorbed. 

UouKHT  W.  Longley 

Dorn  Laboratory  for  Medical  Research 
Bradford  Hospital 
Bradford,  Pennsylvania 
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PRESENCE  OF  AHERRANT  THYROID  TlSSl'E  IN  THE  GITNEA  PRP 

ABSTRACT 

Small  highly  active  ahi-rrant  thyroid  tissues  witc'  detected  at  various  sites  in 
thyroitlectomized  but  not  in  normal  guinea  pigs  of  the  Hartley  and  Z('imet  strains 
by  their  aliility  to  very  actively  accumulate  P^'.  Histological  study  showed  follicles 
lined  with  flat  cuboidal  cells  and  the  lumens  filled  with  colloid. 

.\berrant  thyroids  have  becui  freipiently  detected  as  pathological  growths  at  many 
different  sites  in  man  (1,  2).  Studies  utilizing  serial  hi.stological  examination  of  the 
thyroid  area  have  indicated  the  jiresence  of  aberrant  thyroids  also  in  the  guinea  pig 
(3,  4,  5,  6),  rabbit  (3),  dog  (7,  H)  baboon  (9)  and  rat  (10,  11).  It  seemed  that  a  more 
detailed  study  of  the  distribution  of  aberrant  thyroids  could  be  made  by  the  use  of  the 
sensitive  uptake  technic. 

PROCEDURE 

Guinea  pigs  from  three  ilifferent  sources  were  maintained  in  individual  cages  or  in  groups 
of  6  in  an  air-conditioned  room.  They  were  fed  either  Rockland  guinea  pig  diet  or  the  .Jim 
Dandy  Rabbit  Pellets.  .4  supplement  of  25  mg.  V'itamin  C  was  fed  weekly  to  each  animal. 

The  thyroids  were  removed  under  ether  anesthesia;  special  care  was  taken  to  clean  the 
isthmus  area,  .\fter  thyroidectomy,  a  1%  solution  of  calcium  gluconate  was  substituted  for 
the  drinking  water  for  10-14  days  in  order  to  prevent  parathyroid  deficiency.  The  animals 
showed  (a)  no  change,  (b)  a  cessation  or  (c)  a  decrease  in  growth  rate  for  the  first  few  daj's 
after  thyroidectomy  then  resumed  the  normal  growth  rate. 

The  P’*  solution  (Abbott)  was  diluted  so  that  the  dose  was  contained  in  1  ml.  it  was 

Received  Ajiril  15,  1958. 

'  This  investigation  was  supported  by  research  grants,  .V-914  and  .\-172(),  from  the 
National  Institute  of  Arthritis  and  Metabolic  Diseases,  U.  S.  Public  Health  Servdee. 
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Table  1.  The  presence  of  aberrant  thyroids  in  thyroidectomized  guinea  pigs* 


Guinea  pigs  Autopey  Number  of  animals  with  aberrant  thyroids  at 


xpt. 

Strain 

.No. 

-Age, 

days 

B.  wgt.. 
gm. 

MC. 

Days 
after  I'*' 

Tongue 

Hyoid 

I  i^ubmax.  Peri- 

^  '  gland  tracheal 

Thy- 

inu8 

1 

Local 

4 

T 

800 

100 

Xormal 

5 

2 

Zeimet 

2 

145 

050 

700*’ 

300 

4 

3 

Zeiiiiet 

6 

140 

000 

3(KJ 

3 

5 

Hartley 

7 

99 

640 

3(MI 

3 

1 

2 

Zeimet** 

5 

145 

060 

T  h  yro  idecto  m  tied 
300  4 

O' 

3*  1  4* 

1 

4 

Zeimet** 

5 

142 

030 

400 

7 

4* 

3 

5 

Hartley'* 

7 

00 

600 

300 

3 

3“ 

4*’ 

2* 

3 

*  The  administration  of  the  I'»  and  the  determination  of  the  radioaetivity  were  supervised  by  Mr.  VV.  W.  Evans, 
University  of  Oklahoma,  for  experiments  I  and  2  and  by  Mr.  Marshall  Little,  iisine  the  facilities  of  the  radioisotope 
service  of  the  Veterans  .Administration  Hospital,  Birmingham  for  Experiments  3  and  4. 

“  C'astrated. 

®  Autopsy  47  days  after  thyroidectomy. 

“  Autopsy  37  days  after  thyroidectomy. 

'  In  area  of  thyroid  isthmus. 

'  .Adjacent  to  trachea. 

*  .At  root  of  tongue.  No  discreet  nodules,  (thyroglossal  duct?). 

.  .At  insertion  of  sternohyoid  muscle. 

‘  Probably  at  arytenoid  cartilage  (cf.  3).  No  discreet  nodules. 


administeml  intrapcritoneally  except  in  experiment  1  when  it  wa.s  ati ministered  subcutane¬ 
ously  (Table  1).  At  autopsy  a  sample  of  blood  and  all  of  the  organs  were  separately  exposed 
to  a  sodium  iodide  scintillation  counter  attached  to  a  ratemeter  or  scaler.  The  aberrant  thy¬ 
roids  were  not  grossly  discernible  but  were  localized  by  dissection  until  onlj'  the  radioactive 
ti.ssiie  remained.  The  tissues  were  6xed  in  10%  formaldehyde  for  histological  study.  In  one 
experiment  (Table  2)  the  radioactivity  of  the  thyroids  and  aberrant  thyroids  was  determined 
in  a  well-counter  (Model  BS-3,  Nuclear-Chicago)  which  had  a  41%  efficiency  for  a  1  ml.  solu¬ 
tion  of  I”‘. 


result.s 

Xormal  Guinea  Pign:  In  only  one  of  the  19  guinea  pigs  was  there  any  indication  of 
aberrant  thyroid  tissue  (Table  1).  .\  small  amount  of  radioactivity  was  detected  at  the 
in.sertion  of  the  sternohyoid  muscle  hut  a  discrete  nodule  could  not  be  localized  (Table  2). 

Th('  thyroid  glands  showed  the  expected  uptake  of  I'”  (Table  2). 

Th yroideetomized  Guinea  Pigs:  Each  of  the  thyroidectomized  guinea  pigs  po.ssessed 
at  least  one  aberrant  thyroid  (Table  1).  The  frequency  and  distribution  (Fig.  1)  of  the 
aberrant  thyroids  differed  slightly  between  the  two  strains  of  guinea  pigs.  The  occurrence 
in  and  adjacent  to  the  thymus  was  common  for  both  strains.  The  Hartley  strain  showed 


Table  2.  Weight  and  I*”  uptake  ok  nor.mal  and  aberrant  thyroids 


nv 

THE 

.MALE 

GUINEA  PIG  (hartley)* 

Ctuin- 

ea 

piK 

No. 

Body 

wgt. 

change. 

Km. 

Thyroid 

Thj 

:mus 

Peritracheal 

nodes 

Sternohyoid 

Tongue 

Sum 

of 

total 

|U! 

\f  Total 

Mr.  jiji 

Mg. 

Total 

I  111 

Mir  Total 

Mg.  ji,i 

Mg. 

T  otal 
ini 

Mg. 

Total 

pii 

Normal  Guinea  Pigs 

(.Ave.) 

-(-1.34 

00  7.8 

0.04 

0.04 

(08  150) 

(62-14.5)  (6. 4-8.0) 

Thyroidectomized  Guinea  Pigs 

656 

-(-  71 

4 

0.87 

0.87 

6.57 

+  56 

(.3)*’ 

0.06 

0.06 

650 

+  80 

h 

2.1 

(?)*’ 

(  +  -I--I--I-)*’ 

2.1  + 

662 

+  76 

3 

1.07 

11 

3.3 

4.4 

666 

-1-131 

25'  2.1 

2.1 

660 

+  05 

18 

7.8 

7.8 

670 

-(-180 

10  2.5 

25 

6.3 

(1)*’ 

1.3 

10.1 

•  Thes*  data  are  from  the  animals  of  Expt.  5.  Table  1.  The  1“'  values  are  expressed  as  per  cent  of  the  injected  dose 
for  the  whole  tissue. 

“  Discrete  nodules  could  not  be  isolated. 

°  Two  nodules,  10  and  15  mg. 
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Fig.  1.  Sites  of  aberrant  thyroid  tissue  (indicated  bj’  i)laek  dots)  in  the  tiiyroidecto- 
mized  male  guinea  pig.  (See  Table  1).  Discrete  nodules  could  not  be  isolated  in  the  region 
of  the  base  of  the  tongue  (thyroglo.ssal  duct?)  or  the  thyroid  cartilage  in  spite  of  the  high 
uptakes  of  I'=". 

aberrant  thyroids  at  the  insertion  of  the  sternohyoid  muscle  while  the  Zeimet  strain 
showed  a  comparable  number  at  the  larynx.  The  thyroid  nodules  near  the  trachea  of  the 
Zeimet  strain  occurred  in  the  thyroid  isthmus  area  and  could  possibly  be  due  to  incom¬ 
plete  removal  of  the  isthmus  which  usually  is  a  very  thin  and  almost  indiscernible  strand. 
In  other  studies,  small  nodules  have  been  occasionally  noted  adjacent  to  the  isthmus. 

The  aberrant  thyroids  were  readily  dissected  as  discrete  nodules  except  for  those  in 
the  base  of  the  tongue  region  and  in  the  vicinity  of  the  larynx.  The  weight  of  the  nodules 
varied  considerably  but  all  were  much  smaller  than  the  normal  thyroids.  The  total 
uptake  for  two  of  the  animals,  however,  was  equivalent  to  that  of  the  normals  and 
varied  between  0.<S  and  ,56  per  cent  of  that  of  the  normals  for  the  remaining  five  guinea 
pigs.  The  increase  in  body  weight  of  these  animals  also  was  below  that  of  the  normals. 
Histological  studj’  showed  the  nodules  to  be  thyroid  tissue  (Fig.  2). 

DI.SCUSSION 

The  use  of  the  I**'  technic  reveals  that  aberrant  thyroids  may  exist  in  more  sites  than 
previously  recognized.  The  presence  of  aberrant  thyroids  in  the  peritracheal  area  (.3-6) 
and  near  the  larynx  (arytenoid  cartilage  (3))  has  been  confirmed  and  the  following  new 
sites  established:  (a)  in  and  adjacent  to  the  thymus,  (b)  at  the  insertion  of  the  sterno¬ 
hyoid  muscle,  (c)  adjacent  to  the  submaxillarj'  gland  and  (d)  at  the  base  of  the  tongue 
(possibly  the  thyroglossal  duct).  The  distribution  of  aberrant  thyroids  in  the  guinea  pig 
now  appears  to  be  similar  to  that  observed  in  man  (1,  2). 

The  inability  to  detect  aberrant  thyroids  in  the  normal  guinea  pig  by  the  I*’*  technic 
is  in  agreement  with  the  histological  studies  (3).  The  normal  female  rat  of  the  Sprague- 


3.' 


Fig.  2.  Thyroid  nodule  found  adjacent  to  subinaxillary  gland  (ef.  Fig.  1). 
Stained  with  hematoxylin  and  eosin.  Magnification  9X. 


Dawley  strain,  however,  has  been  rejiorted  (11)  to  possess  a  high  incidence  of  aberrant 
thyroid  in  the  thymus. 

'I'he  development  of  the  highly  active  nodules  in  the  thyroidectomized  guinea  pigs 
may  explain  the  failure  to  note  a  decrease  in  the  growth  rate  of  these  animals  (12,  13). 
(loitrogens,  however,  also  do  not  change  the  growth  rate  of  guinea  j)igs  (14,  15). 

Ch.\rlks  1).  Kocharian  and  Don  Cockrell 

I’niversitij  of  Alabama  Medical  Center 
liirmingham,  Alabama 
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THE  IMPLANTATION  OF  NEO-NATAL  PANCREAS  INTO  THE 
CHEEK  POUCH  OF  THE  ALLOXAN  DIABETIC  HAMSTER 

ABSTHAC'T 

Neo-iiatal  hamster  pancreas,  in  which  beta-cells  were  just  beginning  to  differen¬ 
tiate,  was  implanted  into  the  cheek  pouches  of  both  normal  and  alloxan-diabetic 
hamsters.  It  was  found  that:  among  the  diabetics,  90%  of  the  implants  “took” 
while  75%  “took”  in  the  non-diabetics;  the  implants  grew  30%  larger  and  persisted 
50%  longer  in  diabetics  than  in  normals;  there  was  evidence  for  considerably  more 
beta  differentiation  in  the  diabetic  than  in  normals.  Among  the  diabetics,  where 
the  graft  persisted,  blood  sugars  returned  to  the  normal  range  and  the  pancreas  of 
the  host  showed  normal  histology  within  two  weeks  of  time  the  implants  were  made. 

Both  of  these  latter  events  are  considered  rare  for  this  jjarticular  post-alloxan  ])eriod. 

Althougli  numerous  iittem])ts  to  trans))lant  endocrine  tissue  into  both,  normal  and 
leficient  hosts  have  been  report«'d,  only  one  (1)  appeared  to  he  of  a  definitely  jiermanent 
lature.  Even  though  it  was  shown  that  giafts  are  more  likely  to  grow  larger  and  survive 
►nger  if  hosts  are  severely  deficient  (2  &  3),  the  consistent  record  of  ultimate  failure  is  a 
tirhulus  for  a  re-evaluation  of  the  entire  problem. 

l-t)  1952  (4^,the  hamster  cheek  i)oueh,  as  a  site  readily  aeee.ssiblc  for  frequent  examina- 
iiqn  of  the  growth  of  transplant(*d  tissue,  was  deserihed.  Subsequently,  it  has  been  shown 
fliat  even  heterologous  tissue  will  survive  and  grow  long  enough  in  this  location  to  give 
.aluahle  infoimation.  More  recently,  it  was  established  that  hamsters  do  not  react  as 
violently  to  foreign  protein  and  that  skin  grafts  |)ersist  longer  in  these  animals  than  in 
((ther  mammals  (5).  Su])ported  by  this  evidence,  it  seemed  logical  to  create  an  endocrine- 
, deficient  state  and  observe  the  growth  of  an  implant,  using  the  latter,  for  the  first  time, 
.IS  a  therapeutic  measure  in  tlw*  alleviation  of  hyi)o.secretory  .symptoms.  Since  it  has  been 
demonstrated  that  hamsters  can  be  rendered  diabetic  by  alloxan  ((>)  and  that  they 
retain  the  potential  to  regenerate  new  islets  (7  &  H)  almost  indefinitely,  it  was  decided 
•  o  use  the  alloxan-diabetic  ham.ster  as  the  host  for  the  implantation  of  irancreatic  tissue. 


METHODS 

As  a  preliminary  step,  a  histological  study  was  made  of  a  series  of  fetal  and  neo-natal 
pancreas,  beginning  with  the  thirteenth  fetal  and  extending  to  the  twenty-first  post-natal 
day.  Later  a  group  of  hamsters,  8  to  9  weeks  old,  were  injected  intravenously  (9)  with  a 
diabetogenic  dose  of  allo.xan  (10).  These  were  checked  periodically  for  glucose  by  a  modified 
unthrone  technique  (11).  Since  it  had  been  demonstrated  that  animals  still  diabetic  4  weeks 
after  alloxan  will  remain  hj'perglycemic  for  at  least  4  weeks  longer  (8),  only  hamsters  showing 
high  blood  gluco.se  values  at  the  end  of  a  month  were  used  as  hosts.  The  latter  were  implanted 
with  pancreas  from  new-born  animals  4  to  0  hours  after  birth.  The  amount  of  growth  was 
observed. at  intervals  and  blood  sugars  were  run  every  third  or  fourth  day.  A  few  animals 
were  sacrificed,  their  tissues  fixed  in  Bonin’s  fluid  and  stained  by  our  own  modification  of 
(iomori’s  aldehyde  fuchsin  (12).  small  number  of  non-diabetic  hamsters  of  comparable  age 
were  also  implanted  with  jiancreas  from  similar  donors.  . 


OnSEUV.\TIONS  ^ 

.\n  examination  of  the  developmental  stages  showed:  that  beta  cell  ilifferentiation  be¬ 
gins  4  to  ()  hours  after  birth;  that  differentiation  reaches  its  greatest  activity  on  the 
fourth  post-natal  day  when  the  islets  are  relatively  larger,  more  numerous  and  more 
heavily  granulated  than  at  any  other  time;  that  inlets  have  attained  essentiallj  adult 
characteristics  by  the  fourteenth  day,  although  new 'differentiation,  particularly  from 
the  small  ducts,  is  still  very  active  at  "thisirme ;' that  differentiation  has  tapered  off  to 
idult  levels  by  the  twenty-first  day.  When  the  implants  in  the  diabetics  were  compared 
with  the  non-diabetic,  it  was  found  that:  among  the  diabetics  90%  “took”  while  in  the 
normals  75%  “took”;  the  growth  in  volume  was  30%  more  and  the  survival  time  was 
50%  longer  in  the  diabetics.  .An  examination  of  sections  indicates  that  beta  differentia- 
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tion  occurs  in  implants  of  both  diabetic  and  non-diabetic  hosts  but  to  a  very  limited 
‘xtent  in  the  latter  (Fig.  1).  .\  section  through  the  graft  of  a  diabetic  animal  whose  pouch 
<howed  gross  evidence  of  atrophic  changes  during  the  third  week  shows  that  a  con- 
dderable  amount  of  differentiation  had  taken  place  before  regression  began  (Fig.  2). 
However,  it  is  evident,  from  the  e.xamination  of  a  sample  taken  from  a  diabetic  animal 
whose  implant  appeared  in  good  condition  after  14  days,  that  differentiation  can  become 
very  e.xtensive  (Fig.  3).  Blood  glucose  analysis  performed  on  the  diabetic  animals  showed 
i  return  to  normal  values  within  two  weeks  after  implantation.  However,  the  most  in¬ 
teresting  finding  was  the  fact  that,  in  all  of  the  diabetics  in  which  the  graft  sur¬ 
vived  as  long  as  two  weeks,  the  pancreas  of  the  host  had  returned  to  histological  normal 
luring  that  time  (Fig.  4).  For  eomparison,  two  typical  sections  from  other  hamsters, 
liabetie  for  coinjjarable  periods,  but  otherwise  untreated,  have  l)een  included  (Figs, 
j,  6). 

The  results  of  this  pilot  experiment  are  being  used  as  a  guide  for  future  investigations. 

E.  L.  House,  C.  Burton, 

H.  Cooper  anu  E.  Anderson 

Department  of  Anatomy 
\ew  York  Medical  College 
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Fig.  1.  Implant  from  non-diabetie  who.se  pouch  showed  evidence  of  atrophy  near  the 
end  of  first  week.  Shows  branching  duct  “D”  containing  an  occasional  beta-cell,  “B.” 
-Vldebyde  fuchsin.  X425. 

Fig.  2.  Implant  from  diabetic  whose  pouch  showed  atrophic  changes  near  the  end  of 
the  third  week.  Dark  cells  contain  beta-granules,  .\ldehyde  fuchsin.  X425. 

Fig.  3.  Implant  from  diabetic  whose  pouch  was  in  excellent  condition  after  14  days. 
Irregular,  dark  granular  patches  represent  masses  of  beta-granules,  .\ldehyde  fuchsin. 
X145. 

Fig.  4.  Pancreas  from  host,  diabetic  4  to  5  weeks  before  grafting  and  sacrificed  2 
weeks  later.  This  is  an  essentially  normal  islet,  .\ldchyde  fuchsin.  X145. 

Fig.  5.  Pancreas  from  an  animal  diabetic  6  to  7  weeks  but  not  implanted.  No  beta- 
cells  are  evident  in  this  or  other  islets.  Aldehyde  fuchsin.  X145. 

Fig.  6.  Pancreas  from  an  animal  diabetic  7  to  8  weeks  but  not  implanted.  This  shows 
regeneration  of  two  small  nests  of  beta-cells  from  walls  of  small  ducts.  No  normal  medium 
or  large  islets  in  the  entire  pancreas.  -Mdehj’de  fuchsin.  X425. 
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CONVERSION  OF  A''-ANDROSTENE-3/3,16a,17^-TRlOL  TO 
ESTRIOL  BY  HUMAN  PLACENTM 

ABSTRACT 

The  in  vitro  conversion  of  A®-androstene-3f(,lha,17/i-triol  to  estriol  i)y  human 
placental  preparations  has  been  described.  Estriol  was  characterized  bj’  determining 
.several  physical  constants  of  the  isolated  product  and  its  methyl  ether,  as  well  as 
by  a  i)ositive  Bachman  reaction.  This  uniipie  conversion  suggests  a  biological  role 
for  the  neutral  16-hydroxylated  steroids  previously  isolated  from  human  urine  and 
lends  support  to  the  concept  of  a  biosynthetic  pathway  for  estriol  not  involving 
known  estrogen  precursors. 

During  the  course  of  studies  on  the  in  vitro  biosynthesis  of  estrogens,  a  liighly  efficient 
human  j)lacental  system  was  described  which  convertcfl  A^-androstene-3, 17-(lione  to 
estrone  and  testosterone  to  estradiol  (1,  2).  The  jrroduction  of  estriol,  however,  was  not 
detected  with  these  substrates.  Human  placenta  is  almost  certainly  one  source  of  estriol, 
but  no  direct  evidence  for  its  in  vitro  synthesis  by  this  orgtin  has  as  yet  been  jrrovided. 
The  present  report  de.scribes  the  in  vitro  conversion  by  human  placental  preparations  of 
a  known  human  urinary  metabolite,  A'’-androstene-3j3,lGa,17/3-triol  (3,  4),  to  a  product 
with  the  characteristics  of  estriol. 

MATKRI.\LS  .AND  XIKTUODS 

Term  human  j)laccntas  were  obtained  on  delivery  and  i)rcpared  according  to  mcthotls 
previously  de.scribed  (1,  2).  The  10,000 Xg  supernatant  fraction  containing  microsomes  and 
the  soluble  enzymes  was  used  e.vclusively.  50  cc.  Flasks  containing  the  placental  preparations, 
cofactors,  and  the  steroid  substrate,  dissolved  in  propylene  glycol,  were  agitated  for  one  hour 
in  air  at  37°  in  a  DubnofT  incubator. 

The  incubation  mixtures  were  extracted  with  six  volumes  of  CHUb  three  times  and  the 
('HCb  taken  to  dryness.  The  CHtUj  residue  was  freed  of  lipid  by  a  pentane /90%  methanol 
])artition  and  the  methanol  extract  subjected  to  a  phenol  separation  (5).  The  phenolic  fraction 
was  used  for  assay,  further  purification  and  characterization  of  the  product. 

Fluorescence  determinatiojis  were  by  the  method  of  Engel  ft  al.  (5)  or  a  modification  of 
the  procedure  described  by  Sweat  (ti).  Kober  chromogens  were  determined  according  to 
Brown  (7).  Paper  chromatography  was  carried  out  according  to  the  method  of  Bush  (8)  with 
two  modified  solvent  sj’stems:  ligroine: toluene  (2:l)/70%  methanol  and  toluene/75% 
methanol.  Compoumls  were  identified  on  paper  with  the  ferric  chloride-potassium  ferricyanide 
reagent.  The  Bachman  reaction  was  performed  on  paper  as  described  by  Axelrod  (9),  and 
countercurrent  distribution  carried  out  according  to  the  method  of  Engel  (5).  Methylation 
and  purification  of  the  methyl  ethers  have  been  described  bj'  Brown  (7).  The  methyl  ether.< 
were  determined  by  fluorescence  or  the  Kober  reaction  and  detected  on  paper  by  a  phospho- 
molyl)dic  acid  spray  (5%  in  ethanol). 

The  A‘-androstene-3d,  16a,17d-triol  was  obtained  from  Dr.  H.  Hirschmann  through  Dr. 
L.  Engel  and  was  demonstrated  to  be  pure  by  paper  chromatography.  Infra  red  analysis  of 
the  samjjle  was  carried  out  by  Dr.  L.  Engel.  The  number  of  experiments  performed  and 
hence  the  amount  of  estriol  produced  was  limited  by  the  availability  of  the  substrate. 

HESULT.S 

No  estriol  was  produced  in  control  experiments  in  which  substrate  was  omitted  or  in 
which  extraction  was  carried  out  at  zero  time.  Incubation  of  the  complete  sj’stem  with 
A*-androstenc-3/3,16a,17j3-triol  for  one  hour  produced  the  12%  conversion  to  estriol 
described  in  Table  1.  Based  on  similar  studies  with  dehydroepiandrosterone*  it  is  believe<l 
that  the  reaction  proceeds  from  the  A*-compound  via  a  A^-3-ketone  to  estriol.  Presump¬ 
tive  evidence  of  such  a  pathway  is  available  from  the  production  of  an  ultraviolet  ab¬ 
sorbing  compound  in  the  incubation  experiments,  but  this  possible  intermediate  has  not 
as  yet  been  isolated. 

Received  May  20,  1958. 

'  This  investigation  was  supported  by  a  grant  from  the  Josiah  Macy,  Jr.  Foundation 
to  Harvard  Medical  School. 

*  Unpublished  data. 
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Table  1.  Conversion  ok  A®-ANi)HosTENE-3/i,19«,l~f<* 

THIOL  TO  ESTRIOL 


System 

Number  of  preparations 

.\verage  Mg-  estrioi 
Jirodueed 

Minus  substrate,  incubated 

8 

0 

Complete  svstem,  zero  time 

4 

0 

('omplete  system,  incubated 

4 

31 

('onditions;  Pliti-ental  l(),(M)OXg.  siiiieriiataiit  fraction  (•(iiiivaliMit  to  11  prams  wet  weiplit 
of  tissue,  250  /ip.  A''-androstene-3d, lOa.lTd-triol  and  the  followinp  in  fiM-  pvr  ee.:  phosphate 
huffer  pH  7,  50,  niacinamide  40,  ATI*  10  and  DI’N  10  in  a  total  volume  of  5  cc.  incubated  for 
one  hour  in  air  at  37°  C. 

'I'lic  estrioi  jirodueed  was  characterized  in  the  followinp  manner.  Paiier  chroinatopra- 
phy  in  the  two  modified  Hush  systems  revealed  Rf  values  identical  with  estrioi  standards 


Fig.  1.  24-Transfer  countercurrent  distribution  in  70%  methanol/ CHCbiCCh  (4:1) 
of  the  product  obtained  after  incubating  A®-androstene-3/3,l(5a,  1 7/3-triol  with  human 
placenta.  K  is  the  partition  coefficient  calculated  from  the  experimentally  determined 
fluorescence  values  (closed  circles),  and  the  broken  line  represents  the  theoretical  dN- 
tribution  curve. 

run  at  the  same  time.  The  Bachman  reaction  was  positive.’  .\  24  transfer  countercurrent 
distribution  in  70%  methanol/CHCUrCCh  (4:1)  provided  the  curve  shown  in  h'ipure  1. 
.\greement  between  experimental  points  and  the  theoretical  distribution  is  acceptable, 
and  the  partition  coefficient  obtained  was  identical  with  that  of  pure  estrioi. Peak  tubes 
of  the  distribution  were  pooled  and  methylated  and  the  derivative  purified  by  .solvent 
partition  (7).  The  methylated  derivative  had  a  partition  coefficient  in  60%  methanol/ 
CCI4  identical  with  pure  Estrioi  methyl  ether  and  migrated  in  the  toluene/75%  metha¬ 
nol  Bush  system  with  an  Rf  equivalent  to  a  similarly  run  standard.  There  was  insufficient 
material  for  infra  red  analysis  or  melting  point  determinations,  but  the  physical  char¬ 
acteristics  demonstrated  for  the  product  and  its  methyl  ether,  as  well  as  the  positive 

’  The  author  is  indebted  to  Dr.  0.  Smith  for  assistance  with  this  procedure. 

*  Facilities  for  the  countercurrent  distribution  were  generouslj’  provided  bj'  Dr.  L.  L. 
Engel. 
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Bachman  reaction,  provide  reasonably  strong  evidence  for  its  identity  as  estriol  short  o 
these  more  definitive  criteria.  Diczfalusy  has  employed  similar  methods  to  establish  thi 
identity  of  small  amounts  of  endogenous  placental  estrogens  (10). 

DISCUSSION 

The  formation  of  estriol  from  estrone  and  estradiol  has  been  well  documented  by  it 
t’lVo  studies  (11),  and  is  considered  the  major  source  of  estriol  production.  The  present 
work  suggests  that  estriol  can  also  be  produced  from  a  non-estrogen  precursor  without 
involving  the  classic  conversion  from  e.strone  and  estradiol.  Hisaw  has  postulated  such 
a  possibility  on  the  basis  of  several  prior  lines  of  evidence  (12).  Since  the  .starting  material 
is  one  of  a  family  of  normally  occurring  urinary  steroids  (13),  a  potential  metabolic  roh- 
for  the  16-hydroxylated  neutral  compounds  may  now  be  suggested.  Further  in  vivo  and 
in  vitro  studies  will  be  necessary  to  determine  the  relative  significance  of  this  conversion 
of  A*-androstene-:i/3,16a,17/3-triol  to  estriol  in  terms  of  the  synthetic  and  catabolic  path¬ 
ways  of  the  estrogens  and  the  unique  biological  role  estriol  plays  in  comparative  endo¬ 
crinology  and  pregnancy. 

The  author  wishes  to  e.xpre.ss  his  appreciation  to  Mr.  Leonard  Bushnell  for  technical 
assistance. 

Kenneth  J.  Ryan 

Boston  Lying-in  Hospital  and 
Department  of  Obstetrics 
Harvard  Medical  School 
Boston,  Massachusetts 
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THE  ENDOCRINE  SOCIETY 

1959  Annual  Meeting 

The  Forty-First  Annual  Meeting  of  The  Endocrine  Society  will  be  held 
n  the  Haddon  Hall  Hotel,  Atlantic  City,  New  Jersey,  Thursday,  Friday, 
ind  Saturday,  June  4,  5,  6,  1959. 

The  Chairman  of  Local  Arrangements  is  Dr.  Matthew  Molitch. 

Scientific  Sessions  will  be  held  from  9:00  a.m.  to  5:00  p.m.  daily,  and  in 
iddition  there  will  be  simultaneous  afternoon  sessions.  The  annual  dinner 
s  scheduled  for  Friday,  June  5th  at  7:30  p.m.  preceded  by  cocktails  at 
-‘cJO  P.M. 

All  members  are  urged  to  make  their  hotel  reservations  immediately.  The 
Chalfonte-Haddon  Hall  Hotel  will  hold  300  bedrooms  for  members  until 
May  1,  1959,  after  which  time  the  hotel  will  not  guarantee  further  reserva¬ 
tions.  Therefore  it  is  imperative  that  you  make  your  reservations  now 
directly  with  the  hotel,  advising  them  of  time  and  date  of  arrival  and  de¬ 
parture.  Make  your  reservations  now  and  avoid  disappointment. 

Final  program,  member.ship  card  and  advance  registration  forms  will  be 
sent  on  May  1st  1959  to  members  whose  current  dues  have  been  paid. 

Those  wishing  to  pre.sent  papers,  which  will  be  strictly  limited  to  ten 
minutes,  should  .send  four  copies  of  the  title  and  ab.stract  to  the  Vice- 
President,  Dr.  Frank  Engel,  Duke  Hospital,  Durham,  North  Carolina, 
not  later  than  February  1,  1959.  It  is  imperative  that  the  abstracts  be  in¬ 
formative  and  complete  with  re.sults  and  conclusion.s—  not  a  statement  that 
those  will  be  presented  at  the  meeting — in  order  that  they  may  be  of 
reference  value  and  suitable  for  printing  in  the  program.  The  reading  and 
processing  of  approximately  two  hundred  abstracts  submitted  each  year 
and  compiling  of  the  program  from  these  involves  a  tremendous  amount  of 
time  and  effort  on  the  part  of  the  Program  Committee.  The  Council  re- 
(piests  that  authors  adhere  strictly  to  the  following  rules  when  submitting 
abstracts,  otherwise  they  cannot  be  considered: 

1.  IT  IS  ASSUMED  THAT  ABSTRACTS  SUBMITTED  FOR  THIS 
PROCRAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTED 
ELSEWHERE. 

2.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  space, 
exclusive  of  title.  No  footnotes  or  acknowledgements  to  sponsors  can 
be  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

3.  The  title  heading  must  be  arranged  as  follows: 

Line  1.  Title,  not  to  exceed  fifteen  words. 
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Line  2.  Author  s.  The  name  of  each  non-member  author  collaborat¬ 
ing  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation).”  Names  of  non-members  who  are  intro 
(luced,  i.e.,  who  are  not  collaborators  with  member-authors 
are  to  be  followed  by  the  phrase  “(introduced  by  .  .  .  ).”  Tlu 
principal  degree,  e.g,,  M.D.,  of  each  author  should  be  written 
after  his  name. 

Line  8.  Institution  of  origin  and  city  in  which  institution  is  located. 

4.  The  body  of  the  abstract,  typed  double  space,  should  follow  the  head¬ 
ing.  The  original  copy  should  be  on  bond  paper.  There  should  be 
three  copies. 

.0.  Abstracts  should  be  letter  perfect,  since  there  will  be  no  opportunity 
for  proof  reading  by  the  authors. 

1959  AWARDS 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 

Fred  Conrad  Koch  Award 

During  the  past  year  a  substantial  legacy  has  been  bequeathed  the 
Society  by  the  late  Elizabeth  Koch  for  the  purpo.se  of  establi.shing  the 
Fred  Conrad  Koch  Memorial  Fund  in  memory  of  her  late  hu.sband,  di.s- 
tinguished  service  profe.ssor  of  physiological  chemistry  at  the  L^niversity 
of  Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highe.st  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a 
medal  that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Society. 
The  medal  and  honorarium  of  S3,500  is  to  be  given  annually  to  an  indi¬ 
vidual  for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  pre.sented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  LTnited  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Endocrine  Society  which  was 
e.stabli.shed  in  1954  and  pre.sented  to  Dr.  Carl  Moore  in  1955,  Dr.  Fietlerick 
L.  Ilisaw  in  1950,  Dr.  Jo.seph  C.  Aub  in  1957  and  Dr.  I.  L.  ChaikolT  in 
1958.  The  Endocrine  Medal  replaced  the  E.  R.  Squibb  Award  which  was 
formerly  the  highest  honor  be.stowed  by  the  Society.  Past  recipients  of  the 
Sejuibb  Award  were  Dr.  George  W.  Corner  in  1940,  Dr.  Philip  E.  Smith 
in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was  given  in  1943,  Dr.  E.  A. 
Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr.  Carl  O.  Hartman  in  194(). 
Drs.  Carl  F.  and  Gerty  T.  Cori  in  1947,  Dr.  Fuller  Albright  in  1948,  Dr 
Herbert  Evans  in  1949,  Dr.  C.  N.  H.  Long  in  1950,  Dr.  J.  B.  Collip  in 
1951,  Dr.  James  H.  Means  in  1952  and  Dr.  David  Marine  in  1953. 
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The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an 
nvestigator  not  more  than  35  years  of  age  in  the  field  of  clinical  or  pre- 
linical  endocrinology,  was  established  in  1942,  but  no  recipient  was 
elected  in  1942  or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B. 
vstwood,  1945  Dr.  Jane  A.  Russell,  1946  Dr.  Martin  M.  Hoffman,  1947 
)r.  Choh  Hao  Li,  1948  Dr.  Carl  Heller,  1949  Dr.  George  Sayers,  1950 
i)r.  Oscar  M.  Hechter,  1951  Dr.  All)ert  Segaloff,  1952  Dr.  Seymour  Lieber- 
iiian,  1953  Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs  Roberts),  1954 
i)r.  Isadore  M.  Rosenberg,  1955  Dr.  Jack  Gross,  1956  Dr.  Alfred  M. 
ilongiovanni,  1957  Dr.  Nicholas  S.  Halmi,  1958  Dr.  Monte  Arnold  Greer. 
”rior  to  1952  the  Award  was  $1,200.  It  has  now  been  increased  to  $2,500. 

The  Ayerst  and  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow- 
'hip  in  1956.  They  are  designed  to  assist  men  or  women  of  exceptional 
])romise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 
I'lach  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which 
will  not  exceed  $5,000  may  be  divided  into  two  Fellowships  in  varying 
amounts  in  accordance  with  the  (pialifications  of  the  appointees.  Indi¬ 
viduals  possessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of 
these  degrees,  are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

5.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Schering  and  the  Uriohn  Scholars  of 
The  Endocrine  Society 

The  Council  of  The  Endocrine  Society  has  estaUished  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity 
of  the  Schering  Corporation  and  the  ITpjohn  Company,  and  will  be 
awarded  to  established  investigators  and  teachers  in  the  field  of  endocrin¬ 
ology  who  wish  to  extend  their  opportunities  for  work  either  in  this  coun¬ 
try  or  abroad. 
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The  awards  will  not  exceed  $2,500  annually  for  each  individual  and  wil 
be  granted  on  the  basis  of  proposals  submitted  by  the  applicant.  Sue) 
applications  should  include  estimated  financial  needs.  The  funds  may  hi 
used  for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  Ciba  Award;  and 
the  Ayerst  and  the  Squibb  Fellowships  may  be  made  by  any  member  ol 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  b( 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street, 
Oklahoma  City  3,  Oklahoma.  Completed  nominations  should  be  returned 
to  the  Secretary  not  later  than  October  15,  1958. 

Proposals  for  appointments  as  Scholars  of  The  Endocrine  Society  should 
be  made  in  writing  by  the  individual,  and  addressed  to  the  Secretary  of 
the  Society.  They  should  be  .submitted  by  October  15,  1958. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to 
.successful  nominees  and  applicants  will  be  made  not  later  than  December 
1st. 


COHKECTION 

In  the  article  by  S.  M.  McCann,  A.  Fruit  and  B.  D.  Fulford  entitled 
“Studies  on  the  Loci  of  Action  of  Cortical  Hormones  in  Inhibiting  the 
Release  of  Adrenocorticotrophin”  which  appeared  in  the  July,  1958  issue 
of  Endocrinology  the  two  references  to  Fig.  5  in  Footnote  3  on  page  3(1 
should  each  read  Fig.  4.  And,  in  the  legend  of  Figure  3,  page  35,  the  last 
.sentence  should  read  as  follows:  Dose:  The  open  circles  represent  rats  in¬ 
jected  with  1  mg./day;  the  solid  circles  those  injected  with  2  mg./day; 
and  the  crosses  those  injected  with  4  mg.  'day. 


